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Intrauterine insemination 
Strategies to optimize treatment outcome 
Astrid Cantineau 
lntra-uteriene inseminatie (IUI) in combinatie met milde ovariele hyperstimulatie (MOH) 
is waarschijnlijk de meest toegepaste fertiliteitsbevorderende behandeling en vaak de 
eerste keus bij onverklaarde en mannelijke subfertiliteit. Steeds wordt gezocht naar 
factoren die de effectiviteit van de behandeling verder kunnen vergroten, waarbij 
negatieve effecten als meerlingen beperkt moeten blijven. In dit proefscht:iQ hebben 
we de volgende factoren onderzocht: de optimale inseminatietechniek, het optimale 
stimulatieprotocol, het aantal inseminaties per cyclus, de optimale timing van IUI, de 
invloed van premature LH pieken en het effect van het voork6men van deze premature 
LH pieken door middel van een GnRH antagonist. 
Gebaseerd op de huidige onderzoeken is ans advies om per cyclus eenmaal intra-uterien 
te insemineren. Het advies is om IUI te combineren met gonadotrofines in een 'low 
dose step up' protocol met een begindosering van 75 IU voor subfertiele paren met 
onverklaarde of milde mannelijke subfertiliteit. Synchronisatie van de ovulatie met IUI 
kan worden verricht met LH detectie of echografie in combinatie met hCG. 
Premature LH pieken treden frequent op en lijken de behandelingsuitkomst niet negatief 
te be·1nvloeden. Aangezien het toevoegen van GnRH antagonisten aan milde ovariele 
hyperstimulatie niet leidt tot significant meer levendgeborenen, verdient dit geen plaats 
in de dagelijkse praktijk. 
Intrauterine insemination 
Strategies to optimize treatment outcome 
Ccmrnl.! c MeJi-.,:he M BibJjmheek C 
Groningen G 
1. lntrauteriene inseminatie heeft de voorkeur boven Fallopian tube sperm perfusion (dit proefschrift). 
2. Milde ovariele hyperstimulatie met follikel stimulerend hormoon (FSH) geeft significant meer 
zwangerschappen in vergelijking met clomifeen citraat (CC) in combinatie met intrauteriene 
inseminatie voor subfertiele paren zonder significant meer meerlingen (dit proefschrift). 
3. Een tweede intrauteriene inseminatie in dezelfde cyclus lijkt alleen zinvol bij multifolliculaire groei 
(dit proefschrift). 
4. Het voork6men van premature LH stijgingen leidt niet tot significant meer levendgeborenen bij 
de behandeling van subfertiele paren met intrauteriene inseminatie in combinatie met ovariele 
hyperstimulatie (dit proefschrift). 
5. De toevoeging van een GnRH antagonist aan milde ovariele hyperstimulatie leidt niet tot significant 
meer levendgeborenen bij een behandeling met intrauteriene inseminatie voor subfertiele paren (dit 
proefschrift). 
6. De resultaten van wetenschappelijk onderzoek warden subjectief geYnterpreteerd, waardoor zowel 
voor- als tegenstanders hun waarheid vinden. 
7. Het bestaan van verplichte cursussen in een competentiegerichte opleiding is paradoxaal. 
8. Meer artsen opleiden zal niet resulteren in een goedkopere gezondheidszorg. 
9. Kinderen krijgen is voor vrouwen geen rationele beslissing. 
10. IVF, een uitvinding van Steptoe en Edwards, gaat een steeds grotere rol spelen in de overleving van 
de mensheid, iets wat door de toekenning van de Nobelprijs onderschreven wordt (BJ Cohlen). 
11. Zolang het medisch zinvol is, zou elke fertiliteitsbehandeling vergoed moeten worden. 
12. Het is de tegenwind die de vlieger doet stijgen (Chinees gezegde). 
13. Zelfreflectie is voor de ziel wat een koude douche is voor het lichaam; bij beide is de eerste 
gewaarwording vaak schrik, terwijl de tweede van verfrissende en inzichtgevende aard is (vrij naar 
EF Cremer). 
14. Een goed boek doet goed. 
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History of insemination techniques 
Artificial insemination techniques have a long history. All insemination techniques described 
have one major aim: to increase the number of motile sperm at the site of fertilization. Among 
these insemination techniques are various modifications: intracervical insemination (ICI), intra­
uterine insemination (IUI), Fallopian tube sperm perfusion (FSP), and direct intraperitoneal 
insemination (DIPI). 
The principle of insemination was recognized in the Hebrew Talmud as early as the second 
century (Alfredsson 1983). In the 15th century, attempts of artificial insemination were made 
to the wife of King Henry IV of Castille. Chronicles indicate that the King was suffering from 
hypogonadism or a pituitary tumour and was probably sterile (Maganto Pavon 2003). In the late 
18th century John Hunter, surgeon in London , first reported a successful artificial insemination 
resulting in a pregnancy. The husband performed the actual insemination by means of a syringe 
(Androutsos 2008, Nuland 1989). 
Since then, an unutterable number of scientific reports have been published on artificial insem­
ination techniques. It was not until 1984 that the first randomized controlled trial (RCT) of IUI 
was published by Kerin and co-workers (Kerin 1984). 
Although other assisted reproductive techniques (ARTs) such as in vitro fertilization (IVF) and 
intracytoplasmatic sperm injection (ICSI) are rapidly developing, IUI probably is still the most 
applied technique in fertility treatment. Compared with IUI, IVF /ICSI treatments are more 
invasive, expensive and stressful. Furthermore, IUI results in higher cumulative pregnancy rates 
(Goverde 2000). Therefore, we shall further focus on IUI. 
Intrauterine insemination 
The aim of IUI is to deposit a small volume of prepared semen directly inside the uterus around 
the expected time of ovulation and close to the oocyte. The cervix that also acts as a reservoir 
for spermatozoa is then bypassed which makes correct timing essential. It is known from IVF­
data that oocytes can be fertilized in vitro during a maximum period of 12-24 hours and the 
survival of spermatozoa in the female tract is presumed to be 48-72 hours (Evers and Heineman 
1999, Speroff and Fritz 2005). However, in case of low semen quality this might be even shorter. 
Thus, a window of several hours seems to exist in which IUI can be performed (Casadei 2006). 
IUI is often combined with mild ovarian hyperstimulation (MOH). The underlying idea of MOH 
is to achieve two to three dominant follicles to increase the number of available oocytes at 
the site of conception. Furthermore, MOH might correct subtle cycle disorders that cannot be 
detected by routine investigations (Zikopoulos 2005). 
Nowadays national and international fertility guidelines advise IUI combined with or without 
MOH for subfertile couples caused by male factor, cervical factor, minimal to mild endometriosis 
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or unexplained factor when spontaneous pregnancy chances are low (NVOG 2010, NICE 2004). 
Subf ertile couples are defined as couples who wish to have a child but fail to conceive after 12 
months of regular unprotected intercourse which is approximately 10% of the couples who try 
to conceive (Beurskens 1995, Gnoth 2005). 
To define the type of subfertility a routine fertility work-up should be performed including at 
least: I). ovulatory status determined by either biphasic basal body temperature chart, ovula­
tion detection with ultrasound or midluteal progesterone rise above 30 nmol/L (Jordan 1994); 
II). Tubal patency determined by hysterosalpingography or laparoscopy; Ill). Normal semen 
parameters (Table I). 
Table I. Criteria of normal semen (WHO 1992 and WHO 2010) 
1992 
Volume seminal plasma � 2.0 ml 
Concentration � 20 X 106/ml 
Total progressive motility > 50% 
Normal morphology d0% 
Anti-sperm antibodies s 10% 
2010 
� 1.5 ml 




In 35% of subfertile couples attending a fertility clinic a mild male factor is diagnosed, in 5% a 
severe male factor, in 5% a cervical factor and in 20% no explanation is found. In the remaining 
35% there is another reason for subfertility (Collins and van Steirteghem 2004). 
Couples with male subfertility have repeated semen analyses below the criteria for normality 
as defined by the World Health Organization (WHO 1992, WHO 2010) (Table I). Although it is 
generally agreed that these conventional WHO criteria are of limited value in predicting spon­
taneous pregnancy and conception after IUI, better criteria are still lacking (Tartagni 2004). 
Couples with a cervical factor are diagnosed by means of a well-timed non-progressive post­
coital test (PCT) (Oei 1995). Minimal to mild endometriosis is defined according to the recom­
mendations of the revised American Society for Reproductive Medicine classification as stage I 
or II (rAFS 1997). Finally, when routine fertility evaluation did not show any abnormality couples 
are diagnosed with unexplained subfertility (Crosignani 1996). 
The efficiency of IUI as a treatment for male subfertility is an ongoing discussion in literature 
(Bensdorp 2007, Crosignani 1996, Cohlen 2005). One of the conclusions of a recent systematic 
review is that the efficacy of IUI with or without MOH in case of a male factor is still a matter 
of debate, mainly due to the lack of suitable studies (Bensdorp 2007). When IUI treatment is 
initiated post wash total motile sperm count (TMSC) is considered to have the most predic­
tive value because it encompasses sperm concentration and motility as well as the effects 
of sperm processing. Lower cut-off levels between 0.8 to 5 million motile spermatozoa seem 
to be predictive of failure to become pregnant (specificity 100%), but this prognostic value 
has limited sensitivity to predict pregnancy (sensitivity <30%) (Van Weert 2004). Although the 
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effects of sperm processing are mentioned, a systematic review pointed out there is insufficient 
evidence to recommend any specific preparation technique (Boomsma 2009). 
For cervical factor subfertility a systematic review concluded that the existing literature could 
not confirm that IUI treatment results in significantly more pregnancies compared to expectant 
management or timed intercourse (Helmerhorst 2009), although the largest trial included 
suggested a beneficial effect of IUI in couples with cervical factor (Steures 2007). A randomized 
controlled trial of the same author concluded that MOH does not have an additional value for 
couples with a cervical factor and a poor prognosis (Steures 2007a). Finally, for unexplained 
subfertility a systematic review reported that IUI combined with MOH is effective because it 
significantly increases live birth rates compared to IUI alone (Verhulst 2010). 
Although IUI is performed on a large scale certain factors with regard to the application are 
still a matter of debate. Our research addresses some of these factors consisting of the optimal 
insemination technique, the optimal ovarian stimulation protocol, the frequency of insemina­
tion, the optimal timing of insemination and the influence of premature LH rises. 
Insemination techniques 
In the eighties and nineties of the previous century new artificial insemination techniques, 
such as Fallopian tube sperm perfusion (FSP), were introduced as an alternative for standard 
IUI (Kahn 1992). Studies on the dynamics of sperm transport had shown that in normal fallopian 
tubes a maximum of only 200 spermatozoa are present in the ampulla after intercourse (Mamas 
1996). The number of spermatozoa can be significantly increased with utero-tubal flushing 
possibly increasing pregnancy rates (Fanchin 1995). Several randomized controlled trials have 
been published that compared the efficacy of FSP with IUI. However, these studies were not 
conclusive (Gregoriou 1995, Kahn 1993). Although FSP seemed to be a promising new technique, 
standard IUI remained popular and widely applied because it is a simple, non-aggravating, and 
cost-effective technique (Hughes 1997). It seemed accurate to gather the available evidence 
about the efficacy of FSP in a systematic review. We addressed the question whether FSP is 
superior as compared to IUI and performed a meta-analysis of the available data. 
Optimal ovarian stimulation protocol 
To optimize the outcome of IUI treatment certain strategies have been proposed such as various 
ovarian stimulation protocols. We tried to detect which stimulation protocol can be consid­
ered to be "the optimal ovarian stimulation protocol". The two most commonly used drugs 
for ovarian hyperstimulation are gonadotrophins administered by subcutaneous injection and 
clomiphene citrate which is an oral drug (Verhulst 2010). Mild ovarian hyperstimulation (MOH) 
with gonadotrophins is usually performed using a low dose step-up protocol, starting with a low 
dose of 50-75 IU. 
General introduction 
Other terms used in literature are ovarian stimulation and controlled ovarian hyperstimula­
tion, where the latter suggests that some form of control exists which is not the case. Not only 
different drugs (Dankert 2006, Gomez-Palomares 2008), but also different dosages with the 
same drugs have been the subject of a number of randomized trials (Al-Fozan 2004, Gurgan and 
Demirol 2004, Carrera and Estrada 2002). Mild ovarian hyperstimulation is associated with an 
increased risk of multiple pregnancies, which in turn increases maternal risks, preterm delivery, 
perinatal morbidity, mortality and costs (Fauser 2005). Bearing this in mind, it is important 
that protocols for IUI combined with MOH seek to keep the number of multiple pregnancies 
to a minimum (Cohlen 2005). The optimal ovarian stimulation protocol should maximize the 
probability of conception (ideally expressed as live births) and in the mean time minimize 
the risk of multiple pregnancies and the occurrence of OHSS. Therefore, we reviewed primary 
and secondary outcomes such as live birth rates, multiple pregnancies and OHSS of compared 
ovarian stimulation regimens to define the optimal protocol. 
Frequency of intrauterine insemination 
To further optimize the probability of conception with IUI some authors have suggested 
increasing the number of inseminations per cycle from one to two (Casadei 2006, Liu 2006, 
Ransom 1994, Silverberg 1992). The mechanism is likely related to a significantly greater 
number of capacitated spermatozoa that are inseminated in the group with multiple insemi­
nations (Casadei 2006). Furthermore, a second insemination increases the chance to insemi­
nate close to ovulation, especially when more dominant follicles are available to rupture with 
different time intervals. However, it has been suggested that a second insemination in the same 
cycle would not be as effective as the first "perfectly timed" insemination, since a significant 
decrease in semen volume, sperm counts and motility in semen samples obtained on the day 
of the second consecutive IUI has been seen (Hornstein 1992). Furthermore, compared with a 
single IUI, a second IUI significantly adds to the direct and indirect costs and to the psycho­
logical burden, making it important to confirm its beneficial effect before recommending this 
procedure on a large scale (Ragni 1999). Our goal was to answer the question whether a second 
IUI results in higher live birth rates and pregnancy rates. We reviewed the available literature 
in a systematic way and performed a meta-analysis. 
Optimal timing of intrauterine insemination 
When a patient is treated with IUI, adequate timing is a matter of paramount importance. 
It is possible that differences in outcomes may relate partly to the timing of the insemina­
tion rather than single versus double IUI per se. There are several options for timing IUI of 
which luteinizing hormone (LH) testing and the monitoring of follicle development by means of 
ultrasound scanning combined with human chorionic gonadotrophin (hCG) injection are most 
often applied. Ideally, IUI should be performed just before or maximal 10 hours after ovulation 
(Cohlen 1997). When LH is determined in blood once every 24 hours timing may be adequate 
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when the LH rise is detected early (on average between 8-24 hours after the onset of the LH 
rise). However, when the LH rise is detected much later (24 hours after the onset of the LH 
rise) the insemination may be too late. One possible solution is to determine LH levels twice a 
day but this increases the costs and patients burden. The latter can be reduced by LH deter­
mination in urine where LH rises can be detected 4 to 6 hours after the onset of the LH rise 
in blood. (Kerin 1980). The usefulness of urinary LH monitoring is however hampered by the 
occurrence of false-negative results, which is the case in up to 23% to 35% of ovulatory cycles 
(Lewis 2006). Therefore, many clinics use ultrasound monitoring only and administer hCG when 
the dominant follicle reaches a mean diameter of 18 mm to induce ovulation. On average 38 
hours after hCG is applied the first follicle ruptures. In 66% of the cases the largest follicle was 
the first to rupture (Andersen 1995). Limitations of timing by ultrasound and hCG administration 
are the occurrence of premature LH rises especially in stimulated cycles (Allegra 2007) or the 
possibility of triggering ovulation in the presence of immature follicles (Cohlen 1998, Martinez 
1991 ). Since the available evidence is conflicting pooling the results in a systematic review may 
give answers to the questions which approach of synchronization of ovulation and IUI is superior 
and what the optimal time interval between LH detection or hCG injection and IUI is. 
LH rises 
The preovulatory follicle produces increasing amounts of estrogen. During the late follicular 
phase, estrogen levels rise slowly at first, then rapidly reaching a peak approximately 24-36 
hours prior to ovulation (Pauerstein 1978). When serum estradiol levels exceed a certain level 
the feedback mechanism changes from negative to a positive feedback which results in the 
onset of the LH rise and final oocyte maturation (WHO 1980, Fritz 1992, Gougeon 1996). The 
duration of the LH rise is approximately 48 hours and can be divided into three phases: an 
ascending phase of 14 hours, a plateau phase of 14 hours and a descending phase of 20 hours 
(Figure 1 ). Approximately 8 hours after the onset of the LH rise the rise of LH can be detected 
in blood. On average 38 hours after the onset of the LH rise ovulation occurs (Terstart and 
Frydman 1982). 
Progesterone, produced in the granulosa cells by luteinization of the dominant follicle, facili­
tates the positive feedback response to estrogens in a direct action on the pituitary. Thus, 
appropriately low levels of progesterone derived from the maturing follicle contribute to the 
precise synchronisation of the midcycle LH rise (Couzinet 1992). Incremental estradiol alone 
can elicit simultaneous rises of LH and FSH, suggesting that progesterone certainly enhances 
the effect of estradiol but may not be obligatory (Liu and Yen 1983). However, blockade of 
midcycle progesterone synthesis or activity impaired the ovulatory process and luteinization in 
monkeys (Hibbert 1996). 
Premature LH rises 
In a randomized study by Cohlen and co-workers in 24% of the stimulated cycles a premature LH 
rise was detected (Cohlen 1998). The pathogenesis of premature LH rises has not yet been fully 
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understood but massive steroid secretion by the hyperstimulated ovaries may lead to impaired 
negative control of gonadotrophins (Loumaye 1990). When more follicles are present due to 
ovarian hyperstimulation, estradiol levels may exceed the threshold earlier increasing the risk 
of premature LH rises (Terstart and Frydman 1982). Although timing was adjusted in cycles with 
a premature LH rise in the study of Cohlen and co-workers pregnancy rates were significantly 
lower compared to the group without a premature LH rise. However, the study was not powered 
on the prevalence of LH rises, thus no definite conclusion of this effect on outcome could be 
made (Cohlen 1998). 
Nevertheless, in most IUI programs LH levels are not determined at all and therefore physi­
cians may be unaware of the occurrence of LH rises and their possible negative influence on 
treatment outcome. Furthermore, it is unknown whether the prevalence of premature LH rises 
differs between various stimulation protocols. Premature LH rises in a cycle stimulated with 
anti-estrogens may indicate a healthy hypothalamo-pituitary axis whereas in cycles with gonad­
otrophins rapidly increasing estrogen levels attained during the growth of multiple follicles may 
explain premature LH rises. 
Since it is impossible to predict premature LH rises by clinical parameters, such as ultrasound 
appearance and serum estradiol, other strategies have been proposed (Cunha-Filho 2003). 
Premature LH rises can be effectively prevented by administering a GnRH antagonist (Alisch 
2004, Oliveness 2003). A number of randomized controlled trials (RCTs) have investigated 
the role of GnRH antagonists in preventing premature LH rises in IUI programs. The idea that 
premature LH rises interfere with optimal timing or result in cycle cancellation throw light on a 
possible positive effect of GnRH antagonists on pregnancy rates by preventing these premature 
LH rises (Lambalk 2006). 
After pooling data of a number of studies in a meta-analysis a significant higher pregnancy 
rate was found in the group with a GnRH antagonist (Odds ratio (OR) 1. 7; 95% Cl 1.2 to 2.4) 
(Allegra 2007, Crosignani 2007, Gomez 2005, Gomez 2008, Lambalk 2006, Lee 2008, Ragni 
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2001 ). However, this outcome is predominantly based upon a positive effect of smaller studies 
while larger RCTs found no effect. Most of the smaller studies were not blinded which may 
have influenced physicians handling. A well-designed RCT can definitely justify the use of GnRH 
antagonist in an IUI program. 
Evidence based medicine 
In the hierarchy of evidence, results of well-designed RCTs may be combined in systematic 
reviews which are considered to be the highest-quality evidence and designated as Level IA 
evidence (Table II) (NICE Guidelines 2004) .  A systematic review attempts to collate all empirical 
evidence that fits pre-specified eligibility criteria in order to answer a specific research ques­
tion. It uses explicit, systematic methods providing more reliable findings from which conclu­
sions can be drawn and decisions made (Cochrane Handbook) (Higgins and Green 2008) .  
Many reviewers formally assess the quality of  primary trials by following the recommendations 
of the Cochrane Collaboration. The international Collaboration was launched one year after the 
establishment of the Cochrane center in Oxford founded by Sir lain Chalmers and colleagues 
and named after British epidemiologist Archie Cochrane. The work of the Cochrane Collabora­
tion revolves around 52 Cochrane Review Groups (CRGs),  responsible for preparing and main­
taining reviews within specific areas of health care. The members of these groups include 
researchers, healthcare professionals and consumers. Cochrane reviews identify, appraise and 
synthesize research based evidence, with the final goal to make it possible to incorporate this 
evidence into healthcare decisions (Mulrow 1994). 
However, one should realize that the quality of a systematic review depends on the quality of 








a systematic review of high-quality randomized controlled trials 
at least one randomized controlled trial 
at least one well-designed controlled study without randomization 
at least one other type of well-designed quasi-experimental study 
well-designed non-experimental descriptive studies 
expert committee 
When no firm conclusions can be drawn from a systematic review because evidence is lacking a 
new randomized controlled trial should be performed when appropriate. 
By now RCTs have become the "gold standard" in evaluating healthcare interventions, when 
appropriately designed, conducted and reported (Schultz 2010) . The most important advan­
tage of proper randomization is that it minimizes the risk of bias, particularly selection bias, 
balancing both known and unknown prognostic factors in the assignment of treatments (Moher 
201 0) .  To improve reporting of RCTs in medical literature, an international group of scien-
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tists and editors published Consolidated Standards of Reporting Trials (CONSORT) statements 
(Schultz 2010). The usefulness of a trial report also depends on the clarity with which it details 
the relevance of its interventions. A trial may be valid and useful in a healthcare setting but 
might have limited external validity. One of the key differences between explanatory trials 
and pragmatic trials is the question whether an intervention may work (Efficacy) versus "Does 
the intervention work when used in daily practice?" (Efficiency). Thus, pragmatic RCTs can 
influence decisions regarding daily practice (Zwarenstein 2008). Since RCTs are more and more 
used for clinical decision making a clear transparent description is needed of the aspects of 
design, likely benefits, harms and costs to be expected. An ideal randomization procedure 
would achieve the following goals: equal group sizes, adequate concealment of allocation to 
prevent selection bias and a low probability of confounding (Forcier 2005). 
In order to answer our specific research questions we used all existing evidence that fitted pre­
specified eligibility criteria according to the Evidence based guidelines in various systematic 
Cochrane reviews. A randomized controlled trial was performed on one subject to answer one 
of our research questions definitely. 
Outline of this thesis 
The studies in this thesis discuss different strategies for optimizing IUI as a treatment for 
subfertile couples. Part I - focuses on the available evidence of insemination techniques, ovarian 
stimulation protocols preceding IUI, the frequency of IUI and optimal timing methods for IUI. 
Part II - focuses on the prevalence and influence of premature LH rises in IUI programs, the role 
of different ovarian stimulation programs on the prevalence of premature LH rises and the 
treatment options to prevent premature LH rises which may increase live birth rates. 
Part /- Available evidence on intrauterine 
insemination for subfertile couples 
From 2004 onwards more than 150.000 RCTs were collected in the Cochrane Library (Stol­
berg 2004). Therefore, it is perhaps comprehensive that healthcare providers, consumers, 
researchers, and policy makers are inundated with unmanageable amounts of information on 
healthcare research. We decided to systematically assort the available evidence on insemi­
nation techniques. Chapter 2 describes a systematic review where results of randomized 
controlled trials comparing FSP with IUI were pooled. The goal was to prove or disprove a bene­
ficial effect of FSP. Chapter 3 describes a systematic review that evaluated ovarian stimulation 
protocols preceding IUI in couples with various causes of subfertility. The goal was to encounter 
an optimal stimulation protocol for subfertile couples undergoing IUI and to give implications 
for daily practice. Chapter 4 describes a systematic review comparing single IUI with double IUI. 
The goal was to encounter whether there is a positive effect of a second IUI performed in the 
same treatment cycle. Chapter 5 describes a systematic review comparing different synchro-
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nization methods for IU I .  The goal was to encounter the optimal timing method for IU I  and the 
optimal time-interval between triggering ovulation and I U I .  
Part II- Premature LH rises 
The prevalence, influence and prevention 
Since developing a protocol for an RCT and execute a well-designed prospective trial according 
to the guidelines of CONSORT is a great effort, it was only possible to amplify on one subject, 
although the available evidence described in part I gives rise to far more research questions, 
which remain unanswered in this thesis. We aimed our research question to the issue of prema­
ture LH rises. Chapter 6 describes a prospective cohort study on the prevalence and influence 
of premature LH rises in an IU I  program. Also the differences in occurrence of LH rises in cycles 
stimulated with clomiphene citrate (CC) and cycles stimulated with recombinant follicle stimu­
lating hormone (rFSH)  are described . Chapter 7 describes a multicenter placebo-controlled 
double-blinded randomized study to assess the prevalence of premature LH rises in a large 
cohort and to assess the efficiency of a GnRH antagonist in preventing premature LH rises and 
premature luteinization in subfertile women undergoing IU I  with mild ovarian hyperstimulation. 
Chapter 8 describes the efficiency of GnRH antagonists in an intrauterine insemination program 
with the primary endpoint as live birth rates per couple. 
Finally, the results of this thesis are summarized in English and Dutch . In  the general discussion 
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Abstract 
Objectives: 
To investigate whether primary and secondary outcomes differ between fallopian tube sperm 
perfusion (FSP) and intrauterine insemination (IUI) in the treatment of non-tubal subfertility. 
Materials and Methods: 
The principles of the Cochrane Menstrual Disorders and Subfertility Group were employed. Only 
randomized controlled studies comparing FSP with IUI were included in this review. The main 
outcome measures included live birth rates and pregnancy rates per couple. 
Results: 
Thirty-four studies were retrieved performing the comparison of interest. Overall eleven studies 
were included in the review and eight studies, which reported on 595 women, were included in 
the meta-analysis. One study only assessed live birth rates, which resulted in no difference in 
outcome between FSP and IUI [odds ratio (OR) 1 .2,  95% confidence interval (Cl) 0 .39-3.5] . T he 
results in pregnancy rate per couple revealed no statistically significant difference between 
FSP and IUI [OR 1 . 1 ,  95% Cl 0.56-2. 3] .  Subgroup analysis revealed that couples suffering from 
unexplained subfertility did not benefit from FSP over IUI either [OR 1 .5, 95% Cl 044-5. 0] .  
Conclusion: 
There is no evidence that FSP results in higher pregnancy rates in couples suffering from non­
tubal subfertility than with IUI. This conclusion is based on eight studies involving a total of 
595 couples. As a result no advice can be given, based on the meta-analysis on the optimal 
treatment of non-tubal subfertility. We advice therefore, familiarity with one procedure since 
knowledge and routine use of one technique is possibly of more importance than the technique 
itself. 
FSP versus IUI 
lntroducUon 
Intrauterine insemination (IUI) together with mild ovarian hyperstimulation (MOH) is commonly 
offered to couples with subfertility factors not involving the fallopian tubes. IUI gained its 
popularity because it is a simple, non-invasive and cost-effective technique (Hughes 1 997). 
Studies on the dynamics of sperm transport have shown that there is a progressive decline in 
the numbers of sperm along the length of the female reproductive tract. In normal fallopian 
tubes a maximum of only 200 spermatozoa are present in the ampulla after intercourse (Mamas 
1996). Ripps and co-workers ( 1994) showed that the number of sperm in the pouch of Douglas 
after IUI was very low. 
The number of spermatozoa could be significantly increased with uterotubal flushes (Kahn 
1 992). 
This simple non-invasive method was introduced called fallopian tube sperm perfusion (FSP). 
The technique was developed to ensure the presence of higher sperm densities in the fallopian 
tubes at the time of ovulation compared with standard IUI. FSP is based on pressure injection 
of 4 ml of sperm suspension with an attempt to seal the cervix to prevent semen reflux. This 
results in a sperm flushing of the Fallopian tubes and an overflowing of the inseminate into the 
pouch of Douglas (Kahn 1992, Fanchin 1995). 
A possible disadvantage of FSP is the large volume of inseminate which may flush the ova out 
of the tubes or induce abnormal myosalpingeal contractions resulting in expulsion of the ova 
from the tube with subsequent failure of fertilization (Nuojua-Huttunen 1997). Furthermore, 
some authors state that there is no correlation between the number of sperm inseminated and 
subsequent pregnancy rates, if 2:1-5 x 106 sperm are inseminated (Dodson and Haney 1991, van 
Wee rt 2004). 
A number of randomized controlled trials (RCT) have been published comparing the efficacy of 
FSP with standard IUI. There were considerable variations in the published results. Some of the 
studies did not have enough power to detect significant differences. Therefore, the aim of this 
review was to compare the efficacy of FSP with IUI in improving the probability of conception. 
As one of the basic requirements both for IUI and subsequently FSP is the presence of patent 
tubes we investigated the efficacy of FSP and IUI for the treatment of non-tubal subfertility. 
Materials and methods 
Search strategy 
We searched for all publications which described randomized controlled trials of FSP and IUI. 
This review has employed the search strategy developed by the Menstrual Disorders and Subfer­
tility Group of the Cochrane Collaboration. The specialist database of the Cochrane Subfertility 
Center with > 40 hand searched journals (searched October 2008) was searched. Also the elec­
tronic databases MEDLINE and EMBASE were searched (until October 2008) using the Cochrane 
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highly sensitive search string for randomized controlled trials and the following subject head­
ings and keywords: artificial insemination; intrauterine; intra-uterine; homologous; IU I ;  AIH; 
fallopian; tube; sperm; perfusion; FSP. We hand searched abstracts of the American Society for 
Reproductive Medicine (1987-2008) ,  European Society of Human Reproduction and Embryology 
( 1987-2008) meetings and references mentioned in the obtained studies. When important infor­
mation was missing from the original publications we tried to contact the authors. 
I dentification of included trials 
Criteria for considering studies for this review were as follows. (i) Interventions involving the 
efficacy of FSP compared to I U I .  (ii) Randomized controlled studies with an adequate conceal­
ment of allocation and a parallel design or cross-over studies of which first data were available 
(Dias 2006) .  (iii ) Subfertile couples who have been trying to conceive for more than 1 year. Male 
subfertility was defined as semen quality not meeting the criteria for normality as defined by 
the World Health Organization ( 1992) and unexplained subfertility was defined as a subfertility 
of more than 1 year without any abnormality found at routine fertility check-up. (iv) Primary 
outcome as live birth rate and clinical pregnancy rate had to be stated. Trials expressing results 
as pregnancy rate per cycle only were awaiting assessment until information about pregnancy 
rate per couple was received . Secondary outcomes as multiple pregnancy, ovarian hyperstimu­
lation syndrome (OHSS) ,  spontaneous abortion and tubal pregnancy were collected . 
Two reviewers (AC and MJH)  independently selected the trials to be included according to the 
mentioned criteria. Disagreements were resolved through arbitration of a third reviewer (BC). 
Analysis of agreement between the two observers for inclusion was performed using crude 
percentage agreement which resulted in 96% initial agreement which could be resolved without 
arbitration. 
Data extraction and analysis 
Of all trials included , methodological quality was assessed independently by the two observers. 
This included method of randomization, concealment of allocation, trial design , blinding, 
follow-up, intention-to-treat analysis ,  power calculation , number of drop-outs and cancelled 
cycles . 
Other parameters were also extracted and assessed : age of the women, investigative work-up, 
previous treatments, exclusion criteria, method of ovarian hyperstimulation , timing of insemi­
nation,  number of motile spermatozoa, semen preparation technique, quality of spermatozoa 
injected, volume of injected spermatozoa and type of insemination catheter. 
Statistical analysis was performed in accordance with the guidelines for statistical analysis 
developed by the Menstrual Disorders and Subfertility Group ( 1999) .  For dichotomous data, 
results were expressed as odds ratios (OR) with 95% confidence intervals (Cl )  and combined for 
meta-analysis using RevMan software. The fixed effect model was used in case of statistical 
homogeneity. When the 12-test for heterogeneity revealed statistical heterogeneity, the random 
effect model was used . Furthermore, in the case of statistical heterogeneity, the original trials 
were studied for clinical heterogeneity that might explain the statistical heterogeneity found 
(Cochrane Handbook 4.2 .2 ,  2003 ) .  
FSP versus IUI 
Sensitivity analysis can be done to investigate whether the results of the performed meta­
analysis are robust and not subject to change. Well-designed RCTs that were excluded because 
of lacking information , but will be included most likely when the lacking information becomes 
available, can be used to perform sensitivity analysis. After inclusion of these trials into the 
meta-analysis , it can be observed whether results found differ significantly from the original 
results. If so, the results should be interpreted with care, if not the results can be considered 
robust. 
Results 
Thirty-four original studies were found with the adopted search strategy after updating the 
review in 2008. All studies were identified as potentially providing data comparing FSP with IUI. 
Applying the inclusion criteria showed eleven studies (Biacchiardi 2004 , El Sadek 1998 , Fanchin 
1995 , Filer 1996, Gregoriou 1995, Kahn 1993, Ng 2003, Nuojua-Huttunen 1997 , Papier 1998, 
Ricci 2001 ,  Trout 1999) to be adequate for inclusion in this review and were reviewed in detail. 
Two studies (Fanchin 1995 , Filer 1996) were not included in the meta-analysis since only data 
per cycle were reported; or the separate first-cycle data of a cross-over study was not avail­
able. One publication (Trout 1999) was included in the sensitivity analysis because significant 
information was lacking. Trout and co-workers extended the original study with a different 
group of patients with unexplained subfertility. The extended part of this trial has been treated 
as a separate trial (Trout 1999a). The studies that were initially placed in the awaiting further 
assessment category were , after additional information was received included (Fanchin 1995, 
Filer 1996) or excluded (Soliman 1999) in the updated review. Two studies (Kamel and Ahmed 
1999 , Noci 2007) are waiting for assessment because data on randomization and concealment 
of allocation is lacking. Twenty-one publications in total failed to meet the inclusion criteria 
because they either did not perform the comparison of interest or did not report a truly 
randomized trial design with adequate allocation concealment (Allahbadia 1998, Arroyo Vieyra 
1995 , Ciftci 1998, Desai 1998, Dodson 1998 , Elhelw 2000, Fanchin 1996, Fanchin 1997, Kahn 
1992, Kahn 1992a, Kahn 1993a, Karande 1995, Levitas 1999 , Li 1993, Maheshwari 1998, Mamas 
1996, Mamas 2006, Posada 2005 , Prietl 1999, Soliman 1999 , Soliman 2005). Finally, one study 
was published twice (Papier 1997). 
The eight included studies with a total of 595 couples were reviewed in detail (Table I). All but 
one study (Biacchiardi 2004) had a parallel design. One study (Kahn 1993) was multi-center. 
All included studies had evidence of adequate randomization procedures. One study (El Sadek 
1998) reported live birth rates and all studies assessed pregnancy rates per couple. Six studies 
mentioned multiple pregnancy rates per treatment arm and five studies mentioned miscarriage 
rates. Two studies mentioned the number of ectopic pregnancies and one study only mentioned 
the OHSS rate per group. An intention-to-treat analysis could not be performed for all compari­
sons because insufficient data for cancelled cycles and drop-outs were provided. 
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Table I. Details of randomized controlled trials included in the meta-analysis. 
study 
methods of randomization 




intention to treat 
power calculation 
location of trial 
duration of trial 
participants 
no of women 
no of cycles 
age of women (years) 
type of subfertility 
Biacchiardi (2004) 
blocked computer­












33.2±4.3 for total group 
unexplained subfertility 
duration of subfertility (years) 2.4±1.3 for total group 
stimulation protocol rFSH 75 IU from CD 3 
timing of insemination IUI or FSP 35-37 hours 
after hCG 
type of semen husbands semen 
semen preparation technique swim up 
volume of injected semen IU I :  0.5 ml 
FSP: 4.0 ml 
insemination catheter IU I :  Kremer de la Fontaine 
FSP: Foley catheter 
primary outcome PR/couple 




El Sadek ( 1998) Fanchin (1995) 
















light peritubal adhesions 
PCOS 
cervical hostility 
IU I :  8.6±2.1 
FSP: 7.3±1.9 
CC or CC+hMG+hCG 




IU I :  0.5 ml 
FSP: 4.0 ml 
Frydman catheter (with 


















IU I :  31.8±4.6 
FSP: 3 1 .8±3.7 




IUI :  3 . 6±1.2 
FSP: 3.4±1.1 
CC+hMG, hMG alone, FSH, 
hMG and GnRH agonist all 
followed by hCG 




IUI :  0.2 ml 
FSP: 4.0 ml 
IUI :  Frydman catheter 






IUI= intrauterine insemination, FSP= fallopian tube sperm perfusion, PCOS= polycystic ovary syndrome, rFSH= recombinant 
follicle stimulating hormone, CC=clomiphene citrate, hMG" human menopausal gonadotrophins, hCG= human chorionic 
gonadotrophins, GnRH= gonadotrophins releasing hormone, CD= cycle day, PR= pregnancy rate, LBR= live birth rate, OHSS= 
ovarian hyperstimulation syndrome. 
FSP versus IUI 
Filer (1996) Gregoriou (1995) Kahn (1993) Ng (2003) Nuojua-Huttunen 
(1997) 
computer-generated list of random numbers random numbers computer-generated computer-generated 
algorithm randomization list random numbers 
adequate adequate sealed envelopes not stated not stated 
cross-over parallel parallel parallel parallel --- -
single center single center multi-center single center multi-center -----
no no no no no 
not stated not stated not stated not performed not stated 
not stated not stated not stated yes yes 
York, PA, USA Athens, Greece Trondheim, Norway Hongkong Oula, Finland 
not stated 2 years 2.5 years 2,5 years 2 years 
60 women 60 women 90 women 100 women 
106 cycles 150 cycles 1 03 cycle s 204 cycles 100 cycles 
< 40 for total group IUI :  30.4±3.5 IUI: 31.8±0.8 IUI: 32.7±2.4 IUI: 31.1 ±4.0 
FSP: 30.3±3.6 FSP: 31.7±0.6 FSP: 32. 9±2. 7 FSP: 30.2±4.4 
unexplained unexplained unexplained unexplained- unexplained 
subfertility subfertility subfertility male subfertility male subfertility mild 
endometriosis endometriosis 
ovarian dysfunction 
> 1 IUI :  6.5±2.1 > 3 IUI :  4.4±1. 7 IUI :  3.8±2.2 
FSP: 6.3±2.5 FSP: 4.2±2.1 FSP: 2.9±1.7 -----
not stated hMG 75 IU from CD 3 CC+hMG+hCG 150 IU hMG from CD CC, hMG and hCG 
3 ,  dosage titrated 
according to ovarian 
response: 10.000 
IU hCG 
luteal support with 
1500 IU hCG 
IUI or FSP 36-42 hours IUI or FSP 36 hours IUI and FSP 34-37 IUI: 18 and 38 hours IUI and FSP 36 hours 
after hCG after hCG hours after hCG after hCG after hCG 
FSP: 38 hours after 
hCG 
not stated husbands semen husbands semen husbands semen not stated 
Percell gradient two layer Percoll swim up density gradient Percoll gradient 
gradient centrifugation method 
IUI :  0.5 ml IUI :  0.5 ml IUI :  0.5 ml IUI: 0.3-0.5 ml IUI :  1 ml 
FSP: 4.0 ml FSP: 4.0 ml FSP: 4.0 ml FSP: 3.0 ml FSP: 3.5-4.0 ml 
Makler cannula IUI :  Makler device Frydman catheter IUI :  Tomcat catheter IUI :  Kremer de la 
FSP: Frydman catheter (with Allis clamp for FSP: ZUO-2 Fontaine 
(with Allis clamp) FSP) FSP: Foley catheter 
PR/cycle PR/couple PR/couple PR/couple PR/couple 
not stated PR/cycle PR/cycle PR/cycle PR/cycle 
multiple pregnancy miscarriages miscarriages 




Table I. Details of randomized controlled trials included in the meta-analysis. 
study 
methods of randomization 




intention to treat 
power calculation 
location of trial 
duration of trial 
participants 
no of women 
no of cycles 
age of women (years) 
type of subfertility 
duration of subfertility 
(years) 
stimulation protocol 
timing of insemination 
type of semen 
semen preparation 
technique 




Papier (1998) Ricci (2001 ) Trout (1999) 
computer-generated random random number generator on random number generator on 












mild male subfertility 
unexplained subfertility 
> 1 
hMG from CD 5 and hCG 
luteal support with 400 mg 
progesterone 
IU I :  38 hours after hCG 
FSP: 34 hours after hCG 
not stated 
Percoll gradient 
JUI :  0.4 ml 
FSP: 4.0 ml 
JUI: Frydman catheter 












1 32 cycles 
IUI :  34.8±4.6 
FSP: 35.5±3.5 
unexplained subfertility 
IUI: 3.5±1 .4 
FSP: 3.4±1.3 
uFSH and hCG 




JUI :  0.5 ml 
FSP: 4.0 ml 
IUI :  Frydman catheter 





















cervical mucus factor 
multiple diagnosis 
not stated 
CC with gonadotrophins 
or gonadotrophins alone 
and hCG 




JU I :  0.5 ml 
FSP: 4.0 ml 
IUI :  JUI catheter 




JUI= intrauterine insemination, FSP= fallopian tube sperm perfusion, hMG= human menopausal gonadotrophrns, CC= 
clomiphene citrate, hCG= human chorionic gonadotrophins, PR= pregnancy rate, OHSS= ovarian hyperstimulation syndrome. 
FSP versus IUI 
The study of Trout and co-workers with a total of 268 couples was excluded form the original 
meta-analysis because data about the duration of subfertility was lacking. The authors have 
been contacted but up till now no reply has been received. This trial has been described in 
Table I as well. 
Meta-analysis was done for primary and secondary outcomes and the results are displayed in 
Table II. The results expressed as live birth rates of one study only (El Sadek 1998) showed no 
statistically significant difference in outcome between FSP and IUI (OR 1.2, 95% Cl 0. 39-3.5). 
When results were expressed as pregnancy rate per couple, eight trials could be included in 
the meta-analysis. The combined OR showed no significant higher clinical pregnancy rate with 
FSP compared with the IUI group (OR 1. 1, 95% Cl 0. 56-2. 3) (Figure 1 ). The random-effect model 
was used since heterogeneity between the results of different studies was noted since the 12 
statistic for inconsistency was high (>60%). Because statistical heterogeneity was found, the 
original trials were re-studied in detail for clinical heterogeneity that might influence treat­
ment outcome significantly. It appeared that the indication of subfertility may be of paramount 
importance. We therefore performed a subgroup analysis focussing on this factor. 
Figure 1 .  
FSP 
Study n/N 
Biacchiardi 2004 1/22 
El Sadek 1 998 9/48 
Gregoriou 1995 1 1 /30 
Kahn 1993 14/30 
Ng 2003 1 7  /30 
Nuojua-Huttunen 1 997 4/50 
Papier 1998 5/50 
Ricci 2001 14/33 
Total (95% Cl) 75/293 












.01 .1 10 1 00 
OR (95% Cl fixed) 
0 .15 (0.02 to 1 .3) 
1 .2 (0.40 to 3.3) 
0.87 (0.31 to 2.5) 
4.0 (1 .2 to 1 3) 
2.3 (0.8 to 6.4) 
0.35 (0. 10 to 1 .2) 
0.51 (0.16  to 1 .6) 
4.0 (1 .2 to 1 3) 
1 .1 (0.56 to 2.3) 
Favours FSP 
In four trials (Biacchiardi 2004, Gregoriou 1995, Kahn 1993, Ricci 2001) couples with unex­
plained subfertility were included only, and these trials could therefore be used for subgroup 
analysis. Although two studies (Nuojua-Huttunen 1997, El Sadek 1998) also included couples 
with unexplained subfertility, these couples can only be extracted from the study for subgroup 
analysis when stratification for type of subfertility would have been applied during random­
ization .  This could not be confirmed in these two trials. The subgroup analysis revealed that 
couples suffering from unexplained subfertility did not benefit from FSP over IUI (OR 1.5, 95% Cl 
0.44-5.0) (Figure 2). The random effect model was used since the 12 statistic for inconsistency 
was high (71%). 
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Figure 2 .  
FSP 
Study n/N 
Biacchiardi 2004 1/22 
Gregoriou 1 995 1 1/30 
Kahn 1 993 14/30 
Ricci 2001 14/33 
Total (95% Cl) 40/1 1 5  










1 0  
Favours FSP 
1 00 
OR (95% Cl random) 
0.1 5  (0.02 to 1 .3) 
0.87 (0.31 to 2.5) 
4.0 (1 .2 to 1 3) 
4.0 (1 .2 to 1 3) 
1 .5 (0.44 to 5.0) 
The results of all secondary outcomes, including miscarriages, multiple pregnancies and ectopic 
pregnancies were not statistically significant between FSP and IUI (Table II). The prevalence of 
twins, triplets and quadruplets was not mentioned separately. Finally, there were insufficient 
data on OHSS rates to perform a meta-analysis. 
The inclusion criteria of this review specified that the duration of subfertility had to be at least 
one year for study participants. A sensitivity analysis was performed including the studies of 
Trout and co-workers. The pregnancy rate per couple for non-tubal subfertility changed from 
an OR of 1. 1 (95% Cl 0.56-2.3) to an OR of 1. 3 (95% Cl 0 .75-2. 4) (Figure 3). A second sensitivity 
analysis was done for couples with unexplained subfertility only. The outcome of pregnancy 
rate per couple changed from an OR of 1 .5 (95% Cl 0. 44-5.0) to an OR of 1. 9 (95% Cl 0. 70-5. 1 ). 
For all analysis a random effect model was used due to heterogeneity >60%). Thus, both sensi­
tivity analyses confirm the original findings. Publication bias was unlikely as a funnel graph, 
plotting sample sized versus effect size was symmetrical. 
Figure3. 
FSP IU I  
Study n/N n/N 
Biacchiardi 2004 1/22 8/34 
El Sadek 1 998 9/48 8/48 
Gregoriou 1995 1 1/30 1 2/30 
Kahn 1 993 14/30 5/28 
Ng 2003 1 7/30 1 1/30 
Nuojua-Huttunen 1 997 4/50 1 0/50 
Papier 1 998 
Ricci 2001 
Trout 1 999 
Trout 1 999 
Total (95% Cl) 
5/50 9/50 
14/33 5/32 






. 1  10 
OR (95% Cl random) 
0.1 5  (0.02 to 1 .3) 
1 .2 (0.40 to 3.3) 
0.87 (0.31 to 2.5) 
4.0 ( 1 .2 to 1 3) 
2.3 (0.8 to 6.4) 
0.35 (0.1 0  to 1 .2) 
0.51 (0. 16  to 1 .6) 
4.0 (1 .2 to 1 3) 
1 .4 (0.67 to 2.9) 
4.1 (1 .3 to 14) 
1 .3 (0.75 to 2.4) 
1 00 
Favours FSP 
Table I I .  Results of primary and secondary outcomes 
FSP versus IUI FSP n/N IUI n/N 
Live birth rates per couple 
El Sadek 1 998 8/50 7/50 
Pregnancy rates per couple for all indications 
Biacchiardi 2004 1 /22 8/34 
El Sadek 1 998 9/48 8/48 
Gregoriou 1 995  1 1 /30 1 2/30 
Kahn 1 993 14/30 5/28 
Ng 2003 17/30 11 /30 
Nuojua-Huttunen 1 997 4/50 10/50 
Papier 1 998 5/50 9/50 
Ricci 2001 14/33 5/32 
Total 75/293 68/302 
Pregnancy rates per couple for unexplained subfertility 
Biacchiardi 2004 
Gregoriou 1 995 
Kahn 1 993 
Ricci 2001 
Total 
Multiple pregnancy rates 
El Sadek 1 998 
Kahn 1 993 
Ng 2003 




El Sadek 1 998 
Kahn 1 993 
Ng 2003 
Nuojua-Huttunen 1 997 
Ricci 2001 
Total 
Ectopic pregnancy rates 
Kahn 1 993 
Ricci 200 1  
Total 
1 /22 8/34 
11 /30 1 2/30 
14/30 5/28 
14/33 5/32 
40/1 1 5  30/ 124 
2/9 1 /8 
2/14 0/5 
5/17 2/1 1  
0/4 1 / 10 
3/14 1 / 5  
12/58 5/39 
1 /9 1 /8 
2/14 1 /5 
2/17 4/1 1 
2/50 2/50 
1 / 14  1 / 5  
8/104 9/79 
0/ 14  1 / 5  
1 / 14  0/5 
1 /28 1 / 10 
Odds ratio 95% Cl 
1 .2 0.39-3.5 
0.15 0.02- 1 . 3  
1 .2 0.40-3.3 
0.87 0.31 -2.5 
4.0 1 .2-1 3 
2.3 0.80-6.4 
0.35 0. 1 0-1 .2 
0.51 0. 1 6-1 . 6  
4.0 1 .2-1 3 
1 . 1 0.56-2.3 
0.15 0.02-1 .3 
0.87 0.31 -2.5 
4.0 1 .2-1 3 
4.0 1 .2-1 3  
1 . 5 0.44-5.0 
2.0 0.1 5-27 
2 .2  0.09-54 
1 .9 0.29- 12  
0.70 0.02-21 
1 . 1  0.09-14 
1 .6 0.51 -4.8 
0.88 0.05-17  
0.67 0.05-9.5 
0.23 0.03-1 .6 
1 .00 0.14-7.4 
0.31 0.02-6.1 
0.51 0 . 18- 1 .4 
0. 10 0.00-3.0 
1 .2 0.04-35 
0.37 0.05-2.9 
FSP= Fallopian tube sperm perfusion IUI= intrauterine insemination, N= number, Cl= confidence interval 
Discussion 
FSP versus IUI 
This systematic review investigated the effectiveness of FSP compared with IUI. After the first 
publications by the group of Kahn and co-workers, who found FSP to be more effective than 
IUI, several small trials finding no significant difference in treatment outcome were published. 
However, most of these trials had insufficient power to detect significant differences. This 
might explain why FSP has not gained the same worldwide popularity as compared to IUI. Our 
meta-analysis shows clearly after pooling of these results, and thus increasing the power, that 
FSP is not superior to IUI for couples with non-tubal subfertility regarding pregnancy rates. 
Kahn and co-workers concluded that delivery of a large volume of semen into the Fallopian 
tubes and the pouch of Douglas increases the likelihood of pregnancy, but in their trial no expla· 
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nation is given why couples with unexplained subfertility only benefit from FSP. Other authors 
(Trout 1999) hypothesized that higher pregnancy rates found after FSP might be explained by 
the same mechanism that accounts for higher pregnancy rates after hysterosalpingography. 
A large volume of inseminate might wash out tubal obstructions or some other factor that is 
deleterious to gamete transport. Fanchin and co-workers stated that pressure injection of the 
inseminate with FSP can either remove and/or circumvent transitory or partial obstruction of 
the tubes, such as created by thick mucus or tubal polyps. Unexplained subfertility might in 
some couples be caused by these obstructions or these other unknown tubal factors, however 
subgroup analysis of trials that included couples with unexplained subfertility only did not show 
a significant treatment effect in favour of FSP. 
Important confounding factors that might influence treatment outcome of FSP are the method 
of ovarian stimulation and the technique of semen preparation. The former varied among the 
included studies, which introduced clinical heterogeneity. Previous meta-analyses (Cantineau 
2007, Crosignani and Rubin 1 996, Hughes 1 997) concluded that gonadotrophins are more effec­
tive than clomiphene citrate for treating subfertile couples in IUI programs. When the ovarian 
stimulation is more aggressive in one or more of the included studies, pregnancy rate per 
cycle will rise as well as the rates of multiple pregnancies and OHSS. This should be taken into 
account when comparing study results. However, randomization was done on the day of insemi­
nation, after the ovarian stimulation, which means it is impossible that the ovarian stimulation 
program influenced any difference between FSP and IUI outcomes. 
Different methods for sperm preparation were used, both the swim-up and Percoll gradient 
techniques. Use of the Percoll gradient might give a higher recovery rate (Cohlen 1998) although 
a Cochrane review on recovery rates after different semen analysis techniques concluded that 
no semen preparation technique is superior to another (Boomsma 2007). 
Other confounding factors are the age of women included and the duration of subfertility. The 
mean age of women in the different treatment groups was comparable. In all but one study 
(Ricci 2001 ) the age of women was an exclusion criterion when aged over 39 years. Ricci and 
co-workers did not state a maximum age for women included in the trial. Most fertility research 
centers have a maximum age for inclusion as a result of lower success rates with elderly women 
mainly due to ovarian ageing and low oocyte quality (Bukman and Heineman 2001 ). The mean 
duration of subfertility was more than 3 years in all studies included. In the study of El Sadek 
and co-workers the duration of subfertility was comparable between the IUI and FSP group but 
compared with the other studies significantly longer. It is known that fertility treatment is less 
successful when the duration of subfertility is longer. 
Finally, the methodological risk of bias of the included studies was similar. All the trials were 
truly randomized. None of the trials used blinding. However, a double blinded design would be 
methodologically difficult when comparing different insemination techniques and it is not likely 
that the outcomes are influenced by knowledge of the procedure. 
FSP versus IUI 
Conclusion 
There is no evidence that FSP results in higher pregnancy rates in couples suffering from non­
tubal subfertility than with I UI .  This conclusion is based on eight studies involving a total of 
595 couples. As a result no advice can be given, based on the meta-analysis, on the optimal 
treatment of non-tubal subfertility. We advise, therefore, familiarity with one procedure since 
knowledge and routine use of one technique is possibly of more importance than the technique 
itself. 
Future research should focus on the effects of each treatment for unexplained subfertility and 
male subfertility separately, using optimal stimulation protocols. The effect of other factors 
such as different injecting systems and semen preparation techniques could be the subject of 
large truly randomized controlled trials. When publishing the results, the number of ongoing 
pregnancies per couple or live birth rates per couple should be reported as well. Furthermore, 
the negative aspects of IUI and FSP, such as multiple pregnancies, ectopic pregnancies and the 
incidence of ovarian hyperstimulation syndrome should be documented more carefully. 
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Abstract 
Objectives: 
Intrauterine insemination (IUI) combined with mild ovarian hyperstimulation (MOH) has been 
demonstrated to be an effective form of treatment for subfertile couples. Several ovarian 
hyperstimulation protocols combined with IUI have been proposed, but it is not clear which 
stimulation protocol and which dose is the most (cost-) effective. The aim of this systematic 
review was to evaluate different ovarian stimulation protocols for intrauterine insemination 
for all indications. 
Materials and Methods: 
The principles of the Cochrane Menstrual Disorders and Subfertility Group were employed. 
Only randomized controlled studies comparing different ovarian stimulation protocols followed 
by IUI were included in this review. The main outcome measures included live birth rates and 
pregnancy rates per couple. 
Results: 
Forty three trials involving 3957 women were included. There were 11 comparisons in this 
review. 
Seven studies (n=556) compared gonadotrophins with anti-estrogens and the pooled results 
revealed significant higher pregnancy rates with gonadotrophins [Odds ratio (OR) 1.8, 95% Cl 
1.2-2. 7] . Five studies (n= 313) compared anti-estrogens with aromatase inhibitors reporting no 
significant difference [OR 1.2, 95% Cl 0.64-2. 1] Nine studies (n=576) compared different types 
of gonadotrophins and none of them was superior. Four studies (n= 391) reported that gonado­
trophins alone resulted in significant more pregnancies compared to the group where a GnRH 
agonist was added [OR 1.8, 95% Cl 1. 1- 3.0] . Data of three studies (n=299) showed no convincing 
evidence of adding a GnRH antagonist to gonadotrophin� [OR 1. 5, 95% Cl 0.83 to 2.8] .  The result 
of two studies (n=297) reported no evidence of benefit in doubling the dose of gonadotrophins 
[OR 1.2, 95% Cl 0.69- 1. 9] although the multiple pregnancy rates and OHSS rates were increased. 
For the remaining five comparisons only one or no studies were included. 
Conclusion: 
Robust evidence is lacking but based on the available results gonadotrophins may be the most 
effective drugs, when IUI is combined with ovarian hyperstimulation. When gonadotrophins are 
applied it may be done on a daily basis. When gonadotrophins are used for ovarian hyperstimu­
lation low dose protocols are advised since pregnancy rates do no differ from pregnancy rates 
which result from high dose regimen, whereas the chances to encounter negative effects from 
ovarian hyperstimulation such as multiples and OHSS are limited with low dose gonadotrophins. 
Further research is needed for each comparison made. 
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Introduction 
Worldwide, intrauterine insemination (IUI) is one of the most frequently used fertility treat­
ments for couples with unexplained or male subfertility (Cohlen 2005, Goverde 2000). A system­
atic review of randomized controlled trials (RCTs) comparing IUI with timed intercourse reported 
a three fold increase in the probability of conception with IUI for couples with subfertility 
(Hughes 1997). IUI is often combined with mild ovarian hyperstimulation (MOH) to increase the 
number of available oocytes and therefore, to further enhance the probability of conception. 
The use of MOH may also correct subtle cycle disorders and allows for optimal timing of the 
insemination. A systematic review suggests that ovarian hyperstimulation and IUI is more likely 
to result in a live birth than IUI in natural cycles for couples where no cause for subfertility has 
been found (OR 2.0, 95% Cl 2.0 to 3.5) (Verhulst 2006). The efficiency of IUI as a treatment for 
male subfertility is an ongoing discussion in literature (Cohlen 2005, Bensdorp 2007). Mild endo­
metriosis in women with no other cause of subfertility is often considered to be comparable to 
unexplained subfertility and in these couples stimulated IUI has been recommended although 
it is uncertain whether or not unstimulated IUI may also be beneficial (NICE Guidelines 2004). 
However, MOH is associated with an increased risk of multiple pregnancies, which in turn 
increases maternal risks, preterm delivery and perinatal morbidity and mortality. Increasingly, 
trialists are being encouraged to report BESST (Birth Emphasizing a Successful Singleton at 
Term) as the primary outcome (Min 2004). Bearing this in mind, it is important that protocols 
for IUI in combination with MOH seek to keep multiple pregnancies to a minimum (Cohlen 
2005). Another major adverse event with gonadotrophins is the probability of achieving ovarian 
hyperstimulation syndrome (OHSS) (Derman and Adashi 1994). Adverse effects to consider with 
oral ovarian stimulation protocols are: hot flushes, visual disturbances, anti-estrogenic effects 
on endometrial and cervical mucus. 
The benefits of oral ovarian stimulation agents are their convenience and their low cost, 
although it has been suggested that they are less effective for IUI (Hughes 1997, Cohlen 1997). 
Several RCTs have been published that compared oral versus injection agents, but most of them 
lack sufficient power to draw firm conclusions (Athaullah 2002). Recently, a new oral drug has 
been added to the armamentarium of ovarian stimulating drugs: aromatase-inhibitors. Gonado­
trophin releasing hormone analogues (GnRH-analogue) have also been used in protocols for 
ovarian hyperstimulation. More recently, gonadotrophin releasing hormone antagonists (GnRH 
antagonist) have been proposed in IUI programs as an alternative to GnRH agonists (Ragni 2004). 
Finally, various dosages of ovarian stimulation agents are being used in order to optimize preg­
nancy rates, while reducing the number of multiple pregnancies. For example, 150 IU of follicle 
stimulating hormone (FSH) was associated with a multiple pregnancy rate of 27% (Guzick 1999), 
whereas other studies that used a lower dose of FSH (50-75 IU) reported singleton pregnancies 
only (Balasch 1994, Ragni 2004). In conclusion, the optimal ovarian stimulation protocol should 
maximize the probability of conception (ideally expressed as singleton live birth at term) and in 
the mean time minimize the risk of multiple pregnancies and the occurrence of OHSS. 
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The aim of this review was to evaluate ovarian hyperstimulation protocols preceding intra­
uterine insemination in couples with various causes of subfertility. 
Materials and methods 
Search strategy 
We searched for all publications which described (or might describe) RCTs comparing different 
stimulation protocols followed by IUI. The following databases and registers were searched: (1 ) 
the Menstrual Disorders and Subfertility Group's Central register of Controlled Trials (CENTRAL), 
(2) the electronic database of MEDLINE (January 1966-2007) and (3) the electronic database of 
EMBASE (1 988-2007). 
We searched these databases using the Cochrane search strings for RCTs and the following 
subject headings and keywords: intrauterine; intra uterine; intra-uterine; insemination; IUI; 
artificial insemination; AIH; mild ovarian hyperstimulation; MOH; controlled ovarian hyperstim­
ulation; COH; hyperstimulation; ovarian stimulation; clomiphene citrate; CC; anti-oestrogens; 
Clomid; Serophene; aromatase inhibitors; letrozole; follicle stimulating hormone; FSH; recFSH; 
u-FSH; gonadotropins; human menopausal gonadotropins; hMG ; highly purified FSH; urinary FSH; 
Menopur; humegon; menogon; pergonal; Gonal-f; Puregon; Ganirelix; GnRH; GnRH-analogue; 
LHRH; LHRH analogue; LHRH-analogue; GnRH-antagonist; Cetrorelix; Cetrotide. Furthermore, 
we handsearched the reference lists of all identified and included studies and the abstracts of 
the American Society for Reproductive Medicine (1987 to 2005) and the European Society for 
Human Reproduction and Embryology (1987 to 2005) meetings. If important information was 
missing from the original publications we tried to contact the authors. We did not restrict the 
search by language. 
Identification of included trials 
Criteria for considering studies for this review were randomized controlled trials with a parallel 
design or first data of cross-over trials involving IUI with ovarian hyperstimulation, where OH is 
the same as ovarian stimulation also defined as controlled ovarian hyperstimulation (COH). The 
included couples should have been trying to conceive for at least one year and MOH combined 
with IUI is a treatment option for them, including unexplained subfertility, male factor subfer­
tility and mild endometriosis. The primary outcome should be live birth rate per couple and 
secondary outcomes were stated as pregnancy rate per couple, pregnancy rate per cycle, 
multiple pregnancy rate, miscarriage rate, ectopic pregnancy rate, and ovarian hyperstimula­
tion syndrome (OHSS). 
Two reviewers independently selected trials according to the aforementioned criteria. 
Disagreements were resolved through arbitration by a third reviewer. With the adopted search 
strategy we were able to retrieve 81 trials. Reviewing the retrieved trials resulted in exclusion 
of 31 trials not performing the comparison of interest or failing to use an adequately random­
ized design. Seven studies were awaiting further assessment for the following reasons: timed 
intercourse or DIPI was applied in certain cycles or it was questionable whether the trial was 
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adequately randomized. The remaining 43 studies were eligible for inclusion in this systematic 
review. 
Data extraction and analysis 
All data were extracted independently by two reviewers, entered into Review Manager 
computer software (RevMan 5) where appropriate. We performed statistical analyses in accor­
dance with the guidelines for statistical analysis developed by the Cochrane Menstrual Disor­
ders and Subfertility group (MDSG). For dichotomous data, the results for each study were 
expressed if appropriate as odds ratios (OR) with 95% confidence intervals (Cl) and combined 
for meta-analysis. 
Heterogeneity between the results of different studies was noted when the confidence inter­
vals did not overlap. This was checked by the results of Chi-squared tests and the I-squared (12) 
statistic for inconsistency. The cut-off levels we used were: 12 below 30% a fixed-effect model 
should be used and an 12 above 60% a random-effect model should be used. Between 30 and 
60% the choice of model was based on differences of the studies included. If  high quality RCTs 
were included with comparable patients, the fixed-effect model was used. A priori a subgroup 
analysis was described for trials comparing two different stimulation protocols in couples with 
different types of subfertility. Enough studies had to be included to make meta-analyses of 
subgroups possible. 
Results 
Description and methodological quality of studies 
With the adopted search strategy we were able to retrieve 81 trials. We analyzed these trials 
in detail, which resulted in the inclusion of forty three studies with a total of 3957 women 
comparing different interventions. Not all trials included could be used for meta-analysis for 
various reasons, mainly because outcome data were missing. We described the study details for 
each comparison separately. 
Anti-estrogens versus gonadotrophins 
Eight studies (Balasch 1994, Dankert 2007, Ecochard 2000, Kamel 1995, Karlstrom 1993, Karl­
strom 1998, Matorras 2002, Nakajima 1999) including 556 women in compared anti-estrogens 
with gonadotrophins and were reviewed in detail (Table I). 
All but one study (Ecochard 2000) used a parallel design. Four studies stated allocation with 
random number lists (Dankert 2007, Matorras 2002, Ecochard 2000, Nakajima 1999). The other 
four studies (Balasch 1994, Kamel 1995, Karlstrom 1993, Karlstrom 1998) reported a random 
design without further description. Concealment of allocation was adequately described in 
two studies (Dankert 2007, Ecochard 2000) using third party and opaque envelopes. Adequate 
blinding might prevent bias because patients are often inclined to consider one treatment 
option as superior. However, none of the included studies used placebos. Three studies (Dankert 
2007, Ecochard 2000, Matorras 2002) analyzed their data according to the intention to treat 
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Table I. Details of randomized controlled trials included in the meta-analysis. 
study Balasch (1994) Dankert (2007) Ecochard (2000) Kamel (1 995) 
-----•-----•-- - --
methods of stated without further computer generated random number table stated without further 
randomization description list description 
allocation of unclear adequate adequate unclear 
concealment 
trial design parallel parallel cross-over parallel 
multicenter/Single single center multicenter single center not stated 
center 
blinding no no no no 
Intention to treat not stated not stated yes not stated 
power calculation no not stated yes not stated 
location of trial Barcelona, Spain Nijmegen, The Lyon, France Assiut, Egypt 
Netherlands 
duration of trial not stated 3 yrs, 8 months not stated not stated 
participants 
no of women 100 women 1 38 women 58 women 60 women 
no of cycles 192 cycles 41 0 cycles 56 first cycles 60 cycles 
age of women (years) FSH: 31 .8±3 .2 not stated hMG: 3 1 . 5±3. 7 not stated 
CC: 32.6±2.9 CC: 30.4±3.7 
----· --------
type of subferitlity unexplained mild male subfertility female factor unexplained 
subfertility unexplained male factor subfertility 
male factor subfertility unexplained male factor 
subfertility 
- - ---
duration of subfertility FSH: 6.5±2. 5  >2 hMG: 3 . 3±2.0 > 2 
(years) CC: 6 . 1±2.3 CC: 4.0±2.0 
stimulation protocol rFSH: 75 IU from CD 7 rFSH: 75 IU from CD 3 hMG: 1 50 IU day hMG: 75 IU from CD 3 
CC: 50 mg for 5 days CC: 100 mg for 5 days 4,6,8,9 CC: 50 mg for 5 days 
CC: 50-100 mg for 5 (CD 3-7) 
days (CD 3-7) 
timing of insemination IUI 35-36 hours after IUI 38-40 hours after IUI 36 hours after hCG IUI 36-42 hours after 
hCG hCG or 24 hours after LH hCG 
surge+hCG 
type of semen husbands semen husbands semen husbands semen husbands semen 
semen preparation swim up not stated Percell density not stated 
technique gradient 
total motile sperm FSH: 3. 7±1 . 9 not stated not stated not stated 
injected ( 1 06) CC: 3 . 3±1 .7 
insemination catheter IUI  catheter not stated not stated not stated 
primary outcome PR/couple PR/couple PR/cycle PR/couple 
- - ---
secondary outcome PR/cycle PR/cycle multiple pregnancy PR/cycle 
multiple pregnancy multiple pregnancy miscarriage rate 
OHSS rate OHSS OHSS rate 
miscarriages miscarriage 
IUI= intrauterine insemination, FSH= follicle stimulating hormone, CC= clomiphene citrate, CD= cycle day hMG= human 
menopausal gonadotrophins, hCG= human chorionic gonadotrophins, PR= pregnancy rate, OHSS= ovarian hyperst1mulation 
syndrome 
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Karlstrom ( 1993) Karlstrom (1998) Matorras (2002) Nakajima (1 999) Al-Fadhli 2005 
stated without further stated without further computer-generated open randomization stated without further 
description description randomization list description 
unclear unclear unclear inadequate unclear 
parallel parallel parallel parallel parallel 
multicenter multicenter single center multicenter not stated 
no no no no no 
not stated not stated not stated not stated not stated 
not stated not stated not stated not stated not stated 
Uppsala, Sweden Uppsala, Sweden Vizcaya, Spain Alberta, Canada Montreal, Canada 
not stated not stated 2 years 1 5  months not stated 
32 women 74 women 100 women 22 women 72 women 
32 cycles 74 cycles 470 cycles 55 cycles 104 cycles 
hMG: 32 not stated FSH: 30.7±3.7 not stated not stated 
CC: 3 1 .7  CC :  31 .7±2.8 
unexplained unexplained male subfertility unexplained unexplained 
subfertility subfertility HIV positive subfertility subfertility 
endometriosis male subfertility single women mild endometriosis 
endometriosis 
cervical factor 
hMG: 4.9 not stated FSH: 4.7±2.6 at least 18 months not stated 
CC: 5 . 1  CC :  5 .3±3.4 
hMG 1 50 IU  from hMG 1 50 IU from FSH 1 50 IU from CD 2 dosage of FSH and CC letrozole 2.5 mg for 
CD 2-3 CD 2-3 CC 1 00 mg for 5 days not stated 5 days 
CC 100 mg for 5 days CC 1 00 mg for 5 days (CD 5-9) letrozole 5 mg for 
(CD 3-7) (CD 3-7) 5 days 
IUI 36-41 hours after IUI 38 hours after hCG IUI 36 hours after hCG IUI 28-36 hours after IUI 24 hours after hCG 
hCG or day after LH peak hCG or after positive 
ovulation prediction 
kit 
husbands semen husbands semen donor semen not stated husbands semen 
method of self- not stated Pure sperm not stated not stated 
migration in hyaluronic 
acid 
hMG: 1 6.6x106 not stated Not stated not stated not stated 
CC: 10.7x106 
Kremer de la Fontaine, not stated Frydman catheter not stated not stated 
TDT catheter 
PR/couple PR/couple PR/couple PR/cycle PR/cycle 
PR/cycle PR/cycle PR/cycle miscarriages multiple pregnancy 
miscarriages multiple pregnancy 
OHSS 
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Table I. Details of randomized controlled trials included in the meta-analysis. 
study Al-Fozan (2004) El Helw (2002) Fatemi (2003) Ozmen (2005) 
methods of computer-generated stated without further computer generated stated without further 
randomization random table description random number table description 
allocation of unclear unclear unclear unclear 
concealment 
trial design parallel parallel parallel parallel 
multicenter/Single single center single center single center single center 
center 
blinding no no no no 
Intention to treat not stated not stated not stated not stated 
power calculation not stated not stated not performed not stated 
location of trial Quebec, Canada Giza, Egypt Brussels, Belgium Ankara, Turkey 
duration of trial 1 5  months 14 months 12 months not stated 
participants 1 54 women 53 women 1 5  women 43 women 
no of women 238 cycles cycles not stated cycles not stated 43 cycles 
no of cycles 
age of women (years) letrozole: 30.7±0.5 not stated letrozole: 28.9  not stated 
CC: 31 .5±0.5 CC: 28.2 
type of subfertility unexplained unexplained unexplained unexplained 
subfertility subfertility subfertility subfertility 
mild to moderate male 
factor subfertility 
duration of subfertility letrozole: 2.6±0.2 not stated not stated not stated 
(years) CC: 2.9±0.3 
stimulation protocol letrozole: 7.5 mg for letrozole: 20 mg single letrozole: 2.5 mg letrozole: 5 mg (CD 
5 days dose CD 3 (CD 3-7) 3-7) 
CC: 1 00 mg for 5 days CC: 100 mg (CD 3-7) CC: 1 00 mg (CD 3-7) CC: 1 00 mg (CD 3-7) 
timing of insemination IUI 24 & 48 hours after IUI 36 hours after hCG IUI 24 hours after LH IUI 33-36 hours after 
hCG surge hCG 
type of semen husbands semen husbands semen husbands semen not stated 
semen preparation not stated not stated not stated density gradient 
technique 
total motile sperm not stated not stated, but not not stated not stated 
injected ( 1 06) significant different 
insemination catheter not stated not stated not stated not stated 
primary outcome PR/couple PR/couple PR/couple PR/couple 




IUI= intrauterine insemination, FSH= follicle stimulating hormone, CC= clomiphene citrate, CD= cycle day, 
BMI= body mass index, hCG= human chorionic gonadotrophins, hMG= human menopausal gonadotrophins, LHRH= luteinizing 
hormone releasing hormone, ML= midluteal, PR= pregnancy rate, OHSS= ovarian hyperstimulation syndrome. 
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Sammour (2001 ) Filicori (2001 ) Filicori (2003) Gerti (1993) Gurgan 2004 ------
stated without further stated without further stated without further stated without stated without further 
description description description further description description 
unclear unclear unclear unclear unclear 
---- -
parallel parallel parallel parallel parallel 
single center single center single center single center single center 
no no no no no 
not stated not stated not stated not stated not stated 
not stated not performed not stated not performed not stated 
Montreal, Canada Bologna, Italy Bologna, Italy Perugia, Italy Ankara, Turkey 
4 months not stated not stated not stated not stated 
49 women 50 women 50 women 32 women 241 women 
cycles not stated 50 cycles 50 cycles 34 cycles 241 cycles 
letrozole: 30. 7 FSH: 32±1 rFSH: 31.9±0.7 FSH: 30.9±2.7 20-40 years 
CC: 32.8 hMG: 33±1 hMG: 32.6±0.5 hMG: 31.4±3.6 
unexplained unexplained unexplained unexplained unexplained subfertility 
subfertil ity subfertility male subfertility subfertility 
mild male factor 
letrozole: 26 months not stated not stated FSH: 2.3±0.6 > 2 years 
CC: 24 months hMG: 2.6±0.8 
letrozole: 2.5 mg LHRH agonist single LHRH agonist single LHRH agonist in BMI < 25 75 IU rFSH, 
(CD3·7) dose in ML phase dose in ML-phase ML-phase FSH or hMG from CD2-3 
CC: 100 mg (CD 3-7) FSH 150 IU hMG 150IU FSH 150 IU hMG 150IU FSH 225 IU hMG BMI > 25 150 IU rFSH, 
225 IU FSH or hMG from CD 2-3 
IUI 24 and 48 hours IUI 36 hours after hCG IUI 36 hours after hCG IUI 12 and 36 hours JU I  36 hours 
after hCG after hCG after hCG 
not stated husbands semen husbands semen husbands semen husbands semen 
not stated swim up technique swim up technique swim up technique not stated 
not stated not stated not stated not stated not stated 
not stated not stated not stated not stated not stated 
PR/couple PR/couple PR/couple PR/couple PR/couple 
PR/cycle PR/cycle PR/cycle PR/cycle 
OHSS OHSS OHSS 
multiple pregnancy multiple pregnancy 
miscarriage rate miscarriage rate 
53 










Intention to treat 
power calculation 
location of trial 
duration of trial 
participants 
No of women 
No of cycles 
age of women (years) 
----- --
type of subfertility 
duration of subfertility 
(years) 
stimulation protocol 
timing of insemination 
type of semen 
semen preparation 
technique 


















cycles not stated 
20-40 years 





-•- - - --
> 2 
BMI < 25 75 IU rFSH, 
uFSH or hMG from 
CD 2-3 
BMI > 25 1 50 IU rFSH, 
uFSH or hMG from 
CD 2-3 








Ransom (1996) Gerli (2004) 
random number table random table 
unclear adequate 
parallel parallel 
not stated multicenter 
no no 
not stated yes 
not stated not stated 
New Jersey, USA Perugia and Rome, 
Italy 
1 2  months 33 months 
98 women 67 women 
240 cycles 1 38 cycles 
hMG: 32.9±4.8 uFSH: 31 .7±3.4 
hMG+CC: 32.3±3.4 rFSH: 31 .2±3.2 
unexplained male subfertility 
subfertility unexplained 
male subfertility subfertility 
endometriosis endometriosis 
ovulatory dysfunction ovulatory factor 
PCOS 
cervical factor 
not stated uFSH: 2.8±1 .3  
rFSH: 2.9±1 .5  
hMG 1 50 IU from CD 3 uFSH 75 IU 
CC 100 mg for 5 days rFSH 50 IU from CD 2 
(CD 3-7) + hMG 1 50 IU 
CD 7, 9& 1 1  
I U I  34-36 hours after IU I  32-40 hours after 
hCG hCG 
husbands semen husbands semen 
swim up technique not stated 
hMG: 37.2±25.5 not stated 
hMG+CC: 42.4± 31 .7 
--- ·--- --
not stated not stated 
PR/couple PR/couple 
PR/cycle PR/cycle 
multiple pregnancy OHSS 
miscarriage rate miscarriage rate 
multiple pregnancy 
Gerli (2004a) 









1 70 women 
379 cycles 
uFSH: 28.6±2.7 
rFSH: 29. 1 ±2.4 
PCOS women with a 
history of at least two 
years of subfertility 
uFSH: 2.2±1 .4 
rFSH: 2.3±1 .3  
uFSH 75 IU  
rFSH 50  IU 










IUI= intrauterine insemination , FSH= follicle stimulating hormone, CC= clomiphene citrate, CD= cycle day, hMG= human 
menopausal gonadotrophins, BMI= bod y mass index, PR= pregnancy rate, OHSS= ovarian hyperstimulation syndrome, PCOS= 
polycystic ovary syndrome, GnRH= gonadotrophms releasing hormone. 
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Matorras (2000) Pares (2002) Carrera (2002) Carrera (2002a) 
computer generated list stated without further numeric list stated without further 
description description 
adequate unclear unclear unclear 
parallel parallel parallel parallel 
single center not stated single center single center 
single blinded not stated no no --------------- -
yes yes not stated not stated 
not stated no not stated not stated 
Bilbao, Spain Barcelona, Spain Figueres, Spain Barcelona, Spain 
12 months 12 months not stated not stated 
91 women 126 women 60 women 60 women 
345 cycles 398 cycles 60 cycles 60 cycles 
uFSH: 33.3±3.4 uFSH: 33.2±4.0 group A: 32.1 ±2.8 group A: 28.6±0. 9 
rFSH: 33.  9±3.1 rFSH: 33.7±3.6 group B:  32.5±2.6 group B:  29.1±0.8 
unexplained subfertility unexplained subfertility unexplained subfertility PCOS 
male factor male factor male factor subfertility 
ovulatory dysfunction cervical factor 
endometriosis 
ovulatory dysfunction 
uFSH: 5.3±2.5 uFSH: 4.7±3.8 group A: 3.2±1 .6 group A: 3.1±1.5 
rFSH: 4.6±2.0 rFSH: 4.0±2.1 group B: 3.4±1.8 group B:  3.3±1.4 
---------------------
u F SH 150 JU uFSH 150 IU group A: rFSH 100 IU from group A: rFSH 75 JU from 
rFSH 150 JU rFSH 150 JU from CD 3 CD 3 CD 3 









group B: GnRH agonist 1 mg group B: GnRH agonist 0.1  
from CD 21+  0.5 mg GnRH mg from CD 21+ 0.05 mg 
agonist + rFSH 100 JU from GnRH agonist + rFSH 75 IU 
CD 3 from CD 3 














group A: 9.6±4.3 









group A: 1 1. 9±4.3 


















intention to treat 
power calculation 
location of trial 
duration of trial 
participants 
no of women 
no of cycles 
--- ·-----· 
age of women (years) 
type of subfertility 
duration of subfertility 
(years) 
stimulation protocol 
timing of insemination 
type of semen 
semen preparation 
technique 
total motile sperm 




Dodson (199 1 )  




















4. 3±2.7 for total group 
group A: hMG 75 IU 
from CD 7 
group B: hMG/GnRHa: 
4-7 days before onset 
menstrual period 
1mg/day+ hMG 75-225 
IU from CD 2-3 











Pattuelli (1996) Sengoku (1994) 




not stated single center 
no no 
not stated not stated 
not stated not stated 
Bologna, Spain Asahikawa, Japan 
not stated 24 months 
204 women 91 women 
204 cycles 91 cycles 
not stated group A: 31.6±3.3  
group B:  32.0±3.7 
unexplained unexplained 
subfertility subfertility 
not stated group A: 5.8±3.1 
group B: 5.7±2.9 
group A: FSH 150 IU group A: hMG 150 IU 
CD 2-6 from CD 3 
group B: LHRH from group B: hMG/GnRH: 
CD 21+ FSH 1 50 IU 1 50 IU CD 3 + 300 ug 3 
dd 1 from CD 1 
IUI 38-40 hours after IU I  24-28 hours after 
hCG hCG 
husbands semen husbands semen 
swim up technique double wash 
not stated group A: 18.2±8.9 
group B: 18.8±9 .5 
not stated Tom cat catheter 
PR/couple LBR/couple 
PR/cycle PR/couple 
multiple pregnancy PR/cycle 





























CC 1 00 mg CD 3-7+ 
hMG 1 50 IU on CD 9 
CC/hMG conventional: 
100 mg CC CD 3-7 + 
hMG 75-150 IU daily 
day 5-9 
IUI 36-40 hours after 
hCG 
husbands semen 








IU I= intrauterine insemination, rFSH= recombinant follicle stimulating hormone, hMG= human menopausal gonadotrophins, 
CC= clomiphene citrate, CD= cycle day, d= day, EE= ethinyl estradiol, IU=international units, PR= pregnancy rate 
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Hughes (1998) Ragni (2004) Sengoku (1999) Gomez (2005) Lambalk (2006) 
centralised blocked random number table computer generated blocked randomization 
randomization scheme randomization list list list 
unclear adequate adequate unclear adequate 
parallel parallel parallel parallel parallel 
single center multicenter single center multicenter multicenter 
no no no no yes 
not stated not stated not stated not stated yes 
yes yes yes not stated yes 
Ontario, Canada Milan, Italy Asahikawa Madrid, Spain Amsterdam, The 
Netherlands 
not stated 8 months 37 months 5 months not stated 
63 women 69 women 97 women 82 women 204 women 
59 cycles 69 cycles 97 cycles 82 cycles 203 cycles 
group A: 32.2±3.4 group A: 33. 1 ±3.0 group A: 3 1 . 8±3. 5  FSH: 33.9±2.6 FSH: 32.5±3.9 
group B:  33.0±5.0 group B: 32. 1 ±6.6 group B:  32.9±3.3 FSH/GnRH anta: FSH/GnRH anta: 32.7±3. 3  
32. 1 ±3.3 
unexplained unexplained unexplained unexplained unexplained subfertility 
subfertility, subfertility, subfertility subfertility, mild male subfertility 
endometriosis, tubal male subfertility male factor 
disease endometriosis 
PCOS 
group A: 47.2±20 group A: 3.2±1 . 1  group A :  4.2± 2.5 at least 1 year FSH alone: 
group B: 5 1 . 3±35 group B:  3.0±1 .2 group B: 4.6±2.0 3.4±1 .8  years FSH/GnRH 
group C: 43. 9±23 anta: 3 . 1±1 .7 years 
(months) 
group A: rFSH day 4 group A: FSH 50 IU; group A: uFSH 1 50 IU FSH alone: 100 from FSH alone: rFSH from DF 
1 50 IU, day 6 and 8 when DF>14 0.25 mg from CD 3 CD 3-4 > 14 mm placebo FSH/ 
75 IU GnRH antagonist group B: uFSH 75 JU FSH/GnRHanta: FSH GnRHanta: rFSH starting 
group B: rFSH day 4, 6 group B: FSH 50 IU from CD 3 100 IU dose decided by the 
and 8 1 50 IU alternate days/ GnRH 5 days + GnRH anta investigator + GnRH anta 
group C; rFSH day antagonist from DF 16 mm or when DF >14mm 
4,6,8, 10 1 50 IU when DF > 14mm when E2 > 300 pg/ml 
0.25 mg 
IUI 24 hours after hCG IUI 34 hours after IUI 24-28 hours after IUI 36-38 hours after IUI :  34-42 hours after hCG 
hCG hCG or morning after hCG 
LH surge 
husbands semen husbands semen husbands semen husband's semen husbands semen 
not stated not stated double wash swim up technique not stated 
not stated not stated not stated FSH: 1 9.9±1 8.4 not stated 
FSH/GnRH anta: 
23.4±9.3 
not stated not stated Tomcat catheter Lee catheter not stated 
PR/couple PR/couple PR/couple LBR/couple ongoing PR/ couple 
PR/cycle PR/cycle PR/cycle PR/cycle, multiple PR/cycle 
multiple pregnancy multiple pregnancy pregnancy, OHSS, miscarriages 
miscarriage rate miscarriage rate miscarriage rate multiple pregnancy 
OHSS rate OHSS rate 
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Table l .  Details of randomized controlled trials included in the meta-analysis. 
Study Ragni (2001) 
methods of computer-generated 
randomization list 
allocation of unclear 
concealment 
trial design parallel 
multicenter/Single single center 
center 
blinding no 
intention to treat not stated 
power calculation not stated 
location of trial Milan, Italy 
duration of trial 3 months 
participants 
no of women 41 women 
no of cycles 48 cycles 
age of women (years) FSH alone: 32.9±3 
FSH/ GnRH anta: 
33±3.5 
type of subfertility unexplained 
subfertility male 
subfertility 
duration of subfertility > 2 
(years) 
stimulation protocol FSH alone: 150 IU 
from CD 3 
FSH/ GnRHanta: 1 50 
IU FSH from CD 3 + 
GnRH anta when DF 
>14mm 
timing of insemination not stated 
type of semen not stated 
semen preparation not stated 
technique 
total motile sperm not stated 
injected (106) 
--- ----
insemination catheter not stated 
primary outcome PR/couple --- --
secondary outcome PR/cycle 
multiple pregnancy 
Scheiber (2003) Williams (2004) 
stated without further computer generated 
description random system 
unclear unclear 
parallel parallel 
not stated multicenter 
no no 
not stated not stated - ·---- ·-·--- --··- --------
not stated yes 
Ohio, USA Gainesville, USA 
not stated not stated 
62 women 54 women 
96 cycles 118 cycles 
not stated FSH alone: 33.0 
FSH/ GnRH anta: 34.0 
PCOS unexplained 
subfertility 
not stated FSH alone: 17 months 
FSH/ GnRH anta: 23 
months 
FSH alone: 1 50 IU FSH alone: 150 IU 
from CD 2-3 from CD 2-3 
FSH/ GnRH anta: 1 50 FSH/ GnRH anta: 1 50 
IU FSH from CD 2-3 + IU/ FSH from CD 2-3 
GnRH anta when DF + GnRH anta from CD6 
>14mm 
IUI 32-40 hours after IUI 34-40 hours after 
hCG hCG 
husbands semen husbands semen 
Gerti (2000) 



















CC/ ethinyl E2: 1 00 
mg CC CD 2-7 + E E2 
0.05 mg CD 8-12  
CC/placebo: 100 mg 
CD 2-7 and placebo 
CD 8- 12 









not stated not stated 
FSH alone: 26 not stated 
FSH/GnRH anta: 34 
-- --·-- ·--·---· 
not stated not stated 
PR/cycle PR/couple 
multiple pregnancy PR/cycle 
miscarriage rate 
IUI= intrauterine insemination, FSH= follicle stimulating hormone, hMG= human menopausal gonadotrophins, CC= 
clomiphene citrate, CD= cycle day, EE= ethinyl estradiol, IU=international units, PR= pregnancy rate, GnRH= gonadotrophin 
releasing hormone, hCG= human chorionic gonadotrophins, DF= dominant follicle, LBR= live birth rate 
Jamal (2005) Kim ( 1 996) 




not stated single center 
no no -- --- ----
not stated not stated 
not stated not stated 
Istanbul, Turkey Seoul, Korea 
not stated 12 months 
80 women 80 women 
80 cycles 80 cycles 




unexplained subfertility endometriosis 
> 2  ultralong protocol: 
3.9±1 .3  
long protocol: 
3.2±1 .0 
letrozole 5 mg CD 3-7 ultralong: GnRHa 3.75 mg 
hMG 75 IU CD 3 for < 30 years IM 4 weeks before starting 
hMG 1 50 IU CD 3 for > 30 daily with GnRHa 0. 1 mg 
years combined with FSH/hMG 
long: GnRH agonist 0. 1 mg 
2 weeks daily followed by 
FSH/hMG 
IUI 34-36 hours after hCG IUI:  36-40 hours after hCG 
not stated husbands semen 
not stated Percell gradient 
not stated not stated 

















1 34 women 
group A: 28± 5.6 
group B:  26± 4.2 
ovulatory dysfunction 
group A: 48. 1 ±18.5 
group B:  36.7±9.6 (months) 
group A: CC 100 mg CD 3-7 
+ phyto-estrogens 1 500 mg 
CD3-12 
group B:  CC 1 00 mg CD 3-7 
+ placebo 
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Wang (2004) 















at least one 
CC: 100 mg for 5 days 
--
TMX: 40 mg for 5 days + hMG 
1 50 IU on alternate days 
from CD 4 










principle. Two studies performed power calculation based on cycle numbers (Ecochard 2000, 
Dankert 2007). Both studies did not reach adequate numbers. Six studies (Dankert 2007, Kamel 
1995, Karlstrom 1993, Karlstrom 1998, Matorras 2002, Nakajima 1999) reported the number of 
drop-outs, which varied from none in the study of Matorras 2002 to 30% in the study of Karl­
strom 1998. Cycle cancellation was stated in four studies (Dankert 2007, Ecochard 2000, Kamel 
1995, Matorras 2002) explicitly, which varied from 4.9% (Ecochard 2000) to 12. 1% (Dankert 
2007). One study included (Dankert 2007) reported live birth rates. All except one study (Naka­
jima 1999) reported pregnancy rates per couple. Multiple pregnancy rates and miscarriage 
rates were stated in four publications (Balasch 1994, Dankert 2007, Matorras 2002, Nakajima 
1999) and the OHSS rate was stated in two publications (Balasch 1994, Matorras 2002). None of 
the studies reported ectopic pregnancies. 
Anti-estrogens versus aromatase inhibitors 
Five studies (Al-Fozan 2004, El Helw and Sadek 2002, Fatemi 2003, Ozmen 2005, Sammour 2001) 
including 313 couples compared anti-estrogens with aromatase inhibitors and were reviewed 
in detail (Table I). All studies used a parallel design. Two studies (Al-Fozan 2004, Fatemi 2003) 
used a computer generated random number table. The other three studies reported a random 
design without further description. None of the studies stated the concealment of allocation 
or were blinded. Two studies (Fatemi 2003, Ozmen 2005) analyzed their data according to the 
intention to treat principle, but did not state this explicitly. None of the studies reported a 
power calculation .  Sammour 2001 reported that none of the included women dropped out; the 
other studies did not state the number of drop-outs. None of the studies reported information 
on cycle cancellation. None of the studies reported live birth rates, but two studies (Al-Fozan 
2004, Fatemi 2003) reported ongoing pregnancy rates. One study (Al-Fozan 2004) reported 
secondary outcomes as multiple pregnancies, miscarriages and ectopic pregnancies. 
Gonadotrophins versus gonadotrophins 
Three studies (Filicori 2001, Filicori 2003, Gerli and Villani 1993) compared hMG with r-FSH 
including 132 couples and four studies (Gerli 2004, Gerli 2004a, Matorras 2000, Pares 2002) 
compared r-FSH with u-FSH including 444 couples and were reviewed in detail (Table I). Two 
studies (Demirol 2002, Gurgan and Demirol 2004) compared more than two different types of 
gonadotrophins. Demirol and co-workers compared hMG with u-FSH and two different r-FSH 
drugs. Gurgan and co-workers compared hMG with u-FSH and r-FSH including 241 couples in 
total. 
All studies used a parallel design. Four studies (Demirol 2002, Gerli 2004, Gerli 2004a, 
Matorras 2000) stated allocation with computer generated random number lists. The 
remaining five studies stated that the studies were randomized without further description. 
Concealment of allocation was adequate in four studies (Demirol 2002, Gerli 2004, Gerli 
2004a, Matorras 2000) using a third party or sealed envelopes. The other five studies did 
not report the concealment of allocation. Three studies (Gerli 2004, Gerli 2004a, Matorras 
2000) used a single blinding; patients were blinded with regard to the type of treatment. 
Matorras 2000 blinded also the ultrasound staff, estradiol analysis and sperm labora­
tory. Both studies of Filicori did not state whether they used an intention to treat analysis, 
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however the results showed that the numbers randomized match the numbers analyzed. 
Gerli and co-workers did not use an intention to treat principle in the publication of 1993. In 
both publications of 2004, Gerli and co-workers performed an intention to treat analysis. Two 
studies (Matorras 2000, Pares 2002) performed an intention to treat analysis for pregnancy rate 
per couple. Finally, two studies (Demirol 2002, Gurgan and Demirol 2004) did not state whether 
they used an intention to treat analysis. None of the studies performed stated a power calcula­
tion. Four studies (Filicori 2003, Gerli 2004, Matorras 2000, Pares 2002) reported the number 
of drop-outs varying from none (Matorras 2000) to 8% (Pares 2002). Cycle cancellation was 
reported in all but two studies (Demirol 2002, Gurgan and Demirol 2004). Cycles were cancelled 
mostly due to poor response or hyperstimulation. The percentage of cycle cancellation varied 
from 0% (Filicori 2001) to 15% (Matorras 2000). 
None of the studies comparing different types of gonadotrophins reported live birth rates, but 
all studies reported pregnancy rates per couple. Both studies of Filicori (Filicori 2001, Filicori 
2003) reported the number of multiple pregnancies and miscarriages. Multiple pregnancies and 
miscarriage rate was also reported by the studies comparing r-FSH with u-FSH (Gerli 2004, Gerli 
2004a, Matorras 2000, Pares 2002). Pares 2002 reported the incidence of ovarian hyperstimula­
tion syndrome (OHSS) and all other studies reported that no ovarian hyperstimulation syndrome 
(OHSS) was observed. None of the studies reported ectopic pregnancies. 
Gonadotrophins a lone versus gonadotrophins combined with a 
GnRH agonist 
Five studies (Carrera and Estrada 2002, Carrera 2002a, Dodson 1991, Pattuelli 1996, Sengoku 
1994) including 512 women compared gonadotrophins alone with gonadotrophins combined with 
a GnRH agonist and were reviewed in detail (Table I). Two studies (Dodson 1991, Sengoku 1994) 
used a cross-over design and the other three studies (Carrera and Estrada 2002, Carrera 2002a, 
Pattuelli 1996) a parallel design. Since first cycle data was lacking the results of one study 
(Dodson 1991) were not pooled . Allocation was adequate in one study (Carrera and Estrada 
2002) using a numeric list for randomization. The other studies stated that the couples were 
adequately randomized without further description. Concealment of allocation was unclear in 
all cases. None of the studies used blinding to prevent bias. Four studies ( Carrera and Estrada 
2002, Carrera 2002a, Dodson 1991, Sengoku 1994) did not state whether they used an intention 
to treat analysis. Pattuelli 1996 did not use an intention to treat analysis for analyzing their 
data. All but one study (Dodson 1991) did not report a power calculation. None of the studies 
reported drop-out rates. All studies reported the number of cycles cancelled. This varied from 
no cancelled cycles (Sengoku 1994) to 16% (Pattuelli 1996). None of the studies reported live 
birth rates and all but one study (Dodson 1991) stated pregnancy rates per couple. Multiple 
pregnancies were reported by three studies (Carrera and Estrada 2002, Carrera 2002a, Pattuelli 
1996). Both studies of Carrera reported miscarriage rates and OHSS rates. None of the studies 
reported ectopic pregnancies. 
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Gonadotrophins a lone versus gonadotrophins combined with a 
GnRH antagonist 
Five studies (Gomez 2005, Lambalk 2006, Ragni 2001, Scheiber 2003, Williams 2004) compared 
gonadotrophins alone with gonadotrophins combined with a GnRH antagonist and were 
reviewed in detail (Table I). Two studies (Scheiber 2003, Williams 2004) reported pregnancy 
rates per cycle only. In total data of 299 women could be pooled. All studies (Gomez 2005, 
Lambalk 2006, Ragni 2001, Scheiber 2003, Williams 2004) used a parallel design. Four studies 
(Gomez 2005, Lambalk 2006, Ragni 2001, Williams 2004) used a computer generated list for 
randomization. Scheiber 2003 stated the study was randomized without further description. 
Concealment of allocation was reported by Williams 2004 which used opaque envelopes. The 
study of Lambalk 2006 had a double-blinded design by using a placebo in the control group. The 
remaining studies did not report blinding. Lambalk and co-workers performed an intention to 
treat analysis for the group defined as all randomized subjects who received at least one dose 
of r-FSH. In the other studies it has not been stated whether intention to treat analysis was 
performed and this could not be derived from the available information. A power calculation 
was stated in two studies (Lambalk 2006, Williams 2004). The study of Lambalk and co-workers 
stated one drop-out since this patient had a spontaneous pregnancy before starting treatment 
cycle. Cycle cancellation was reported in all studies varying from 11% (Lambalk 2006, Williams 
2004) and 33% (Ragni 2001 ). Reasons for drop-outs were: insufficient response, no antagonist 
because ultrasound was performed too late, no hCG because too many follicles were detected, 
conversion to IVF and spontaneous ovulation. The study of Lambalk 2006 reported they received 
reimbursement per patient from Organon covering expenses made for execution of the study. 
Organon provided the study medication. One of the studies (Gomez 2005) reported live birth 
rates whereas three studies (Gomez 2005, Lambalk 2006, Ragni 2001) stated pregnancy rates 
per couple and multiple pregnancies. None of the studies reported miscarriage rates, OHSS 
rates or ectopic pregnancies. 
Gonadotrophins a lone versus gonadotrophins combined with 
anti-estrogens 
One study with 98 women (Ransom 1996) compared gonadotrophins alone with gonadotrophins 
combined with anti-estrogens and was reviewed in detail (Table I). The study had a parallel 
design and used a random number table without describing concealment of allocation. No 
blinding was used. This study did not state a power calculation or an intention to treat analysis. 
Drop-outs and cycle cancellation were not reported. Pregnancy rates per group were stated as 
well as multiple pregnancy rates, miscarriage rates and ectopic pregnancies. OHSS rates were 
not reported. 
Different dosage regimen for anti-estrogens or aromatase 
inhibitors 
One study (Al-Fadhli 2005) compared different dosage regimens for aromatase inhibitors and 
was reviewed in detail (Table I). This parallel study was randomized without further description. 
Concealment of allocation was not reported. It was not stated whether a power calculation or 
an intention to treat was performed. In addition blinding, drop-outs and cycle cancellation 
were not reported. Primary outcome was the number of follicles, endometrial thickness and 
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pregnancy rate per cycle. Also the number of multiple pregnancies was stated. Live birth rates, 
pregnancy rates per couple, miscarriage rates, ectopic pregnancies and OHSS were not reported. 
Different dosage regimens for gonadotrophins 
Four studies (Dhaliwal 2002, Hughes 1998, Ragni 2004, Sengoku 1999) with a total of 297 women 
were included comparing different dosage regimens for gonadotrophins and were reviewed in 
detail (Table I). All studies had a parallel design and used a computer generated random number 
table or a centralized randomization scheme. Concealment of allocation was adequately in two 
studies (Ragni 2004, Sengoku 1999) using sealed opaque envelopes. Hughes and co-workers also 
used numbered sealed envelopes but did not describe whether these were opaque. Dhaliwal 
and co-workers did not report concealment of allocation .  None of the studies stated a form 
of blinding. None of the studies stated intention to treat analysis explicitly. Power calcula­
tion was done in three studies based on cycle numbers (Hughes 1998, Ragni 2004, Sengoku 
1999). Two studies (Hughes 1998, Ragni 2004) reported drop-outs. All but one study (Dhaliwal 
2002) reported number of cycles cancelled. The number of cycles cancelled varied from none 
(Sengoku 1999) to 17% in the study of Hughes 1998. One of the studies (Ragni 2004) reported 
live birth rates. All studies stated pregnancy rates per couple. All but one study (Hughes 1998) 
stated multiple pregnancy rate per pregnancy, miscarriage rates and OHSS rates. None of the 
studies reported ectopic pregnancies as an outcome of interest. 
Other comparisons 
No studies were found comparing anti-estrogens with gonadotrophins combined with GnRH 
agonists or GnRH antagonists. However five studies were found with the adopted search 
strategy comparing ovarian stimulation protocols, which were not stated beforehand in our 
protocol. These were reviewed in detail as well (Table I). A). Estrogens added to anti-estro­
gens (Gerli 2000), B). Aromatase inhibitor versus gonadotrophins (Jamal 2005), C). GnRHa in 
different dosages (Kim 1996), D). Phyto-estrogens added to anti-estrogens (Unfer 2004) and E). 
Tamoxifen with gonadotrophins versus anti-estrogens (Wang 2004). All studies had a parallel 
design . Only Kim 1996 defined the randomization method using a blocked randomization list. 
The other studies used a randomized method without further description . Concealment of 
allocation was unclear in all publications. One study (Wang 2004) stated an intention to treat 
principle for pregnancy rates per cycle. Power calculations were not reported in any of the 
studies. Two studies used a placebo in a double-blind manner (Gerli 2000, Unfer 2004). None 
of the studies reported drop-outs or cycle cancellation .  Two studies (Gerli 2000, Wang 2004) 
reported ongoing pregnancy rates. The other studies reported clinical pregnancy rates. All 
but one study (Jamal 2005) reported miscarriage rate. Only the study of Kim and co-workers 
reported multiple pregnancy rates. 
Data analysis 
Table II expresses the results for primary and secondary outcomes for data, which were avail­
able from the trials. Trials have been combined for live birth rate per couple, pregnancy rate 
per couple and multiple pregnancy rates. 
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Table II. Results of primary and secondary outcomes 
CC vs. gonadotrophins CC n/N gonadotrophins n/N  Odds ratio 95% Cl 
Live birth rate per couple 
Dankert 2006 20/71 1 8/67 1 . 1  0.51-2.3 
Pregnancy rate per couple -----
Balasch 1994 4/50 1 2/50 3 .6  1 . 1 -1 2  
Dankert 2006 1 9/71 1 7/67 0.93 0.43-2.0 
Ecochard 2000 6/29 3/29 0.44 0.10-2.0 
Kamel 1 995 2/26 4/28 2.0 0.33- 12  
Karlstrom 1 993 1 / 1 7  3 / 1 5  4.0 0.37-43 
Karlstrom 1 998 4/34 8/40 1 .9 0.51 -6.9 
Matorras 2002 1 6/51 30/49 3 . 5  1 . 5-7.9 
Total 52/278 n1218 1 . 8 1 .2-2.7 
Multiple pregnancy rate per couple 
Balasch 1 994 0/50 0/50 0.0 0.0-0.0 
Dankert 2006 2/71 1 /67 1 .9 0.1 7-22 
Matorras 2002 2/51 6/49 0.29 0.06-1 . 5  
Total 4/172 7/166 0.53 0. 1 5- 1 . 9  
Miscarriage rate per couple 
Balasch 1 994 2/50 1 / 50 0.49 0.04-5.6 
Dankert 2006 7/71 5/67 0.74 0.22-2.5  
Matorras 2002 5/51 8/49 1 . 8 0.54-5.9 
Total 14/172 14/166 1 . 1  0.48-2.3 
OHSS rate 
Balasch 1 994 0/50 0/50 0.0 0.0-0.0 
Matorras 2002 1 /51 4/49 4.4 0.48-41 
Total 1 / 101 4/99 4.4 0.48-41 
CC vs. letrozole CC n/N letrozole n/N Odds ratio 95% Cl 
Pregnancy rate per couple 
Al-Fozan 2004 1 5/80 13/74 0.92 0.41 -2. 1  
El Helw 2002 3/26 5/27 1 .74 0.37-8.2 
Fatemi 2003 3/8 2/7 0.67 0.08-5.9 
Ozmen 2005 3/21 4/22 1 . 3 0.26-6.8 
Sammour 2001 2/24 4/24 2.2 0.36- 1 3  
Total 26/ 1 59 28/ 1 54 1 .2 0.64-2.1 --- ----
Multiple pregnancy rate per couple 
Al-Fozan 2004 1 /80 0/74 0.36 0.01 -8.9 
----
Miscarriage rate per couple 
Al-Fozan 2004 4/80 0/74 0. 1 1  0.01 -2.2 
hMG vs. FSH hMG n/N  FSH n/N Odds ratio 95% Cl 
Pregnancy rate per couple 
Filicori 2001 6/25 5/25 1 . 3 0.33-4.8 
Filicori 2003 7/25 4/25 2.0 0.51-8.1  
Gerti 1993 5/ 1 5 1 / 1 7  8.0 0.81 -79 
Gurgan 2004 5/40 21 /81 0.41 0.14- 1 . 3  
Gurgan 2004a 5/40 1 1  /80 0.90 0.29-2.8 
Total 28/ 1 45 42/228 1 .0 0.59- 1 . 8  
Multiple pregnancy rate per couple 
Filicori 2001 1 /25 3/25 0.31 0.03-3.2 
Filicori 2003 3/25 2/25 1 .6 1 .6-10.3 
Total 4/50 5/50 0.78 0.20-3 . 1  
CC= clomiphene citrate, C l= confidence interval, hMG= human menopausal gonadotrophins, u-FSH= urinary follicle 
stimulating hormone, r-FSH= recombinant follicle stimulating hormone, E2= estrogens, GnRH= gonadotrophin-releasing 
hormone, OHSS= ovarian hyperstimulation syndrome 
Miscarriage rate per couple 
Filicori 2001 1 /25 
Filicori 2003 1 /25 
Total 2/50 
r-FSH vs. u-FSH r·FSH n/N 
Pregnancy rate per couple 
Gerti 2004 23/88 
Gerli 2004a 9/35 
Gurgan 2004 21 /81 
Matorras 2000 26/45 
Pares 2002 28/55 
Total 1 07/304 
Multiple pregnancy rate per couple 
Gerti 2004 3/88 
Gerti 2004a 0/35 
Matorras 2000 4/45 
Pares 2002 4/55 
Total 1 1 /223 
Miscarriage rate per couple 
Gerti 2004 3/88 
Gerti 2004a 1 /35 
Matorras 2000 7/45 
Pares 2002 5/55 
Total 1 6/223 
OHSS rate per couple 
Pares 2002 0/55 
Gonadotrophins vs. gonadotrophins n/N 
gonadotrophins + GnRH agonist 
Pregnancy rate per couple 
Carrera 2002 9/30 
Carrera 2002a 8/30 
Pattuelli 1 996  27/ 104 
Sengoku 1994 7/46 
Total 51 /210 
Multiple pregnancy rate per couple 
Carrera 2002 0/30 
Carrera 2002a 1 /30 
Pattuelli 1996 4/104 
Total 1 3/ 1 60 
Miscarriage rate per couple 
Carrera 2002 2/30 
Carrera 2002a 1 /30 
Total 3/60 
OHSS rate per couple 
Carrera 2002 5/30 
Carrera 2002a 6/30 
Total 1 1 /60 
1 /25 1 .0 
1 /25 1 .0 
2/50 1 .0 
u-FSH n/N Odds ratio 
22/82 0.97 
8/32 1 .0 
1 1 /80 2.2 
24/46 1 .3 
24/61 1 .6 




3/61 1 . 5 
1 3/221 0.86 
3/82 0.93 
1 /32 0.91 
3/46 2.6 
5/61 1 . 1 
1 2/221 1 .4 
1 /61 0.36 
GnRH agonist n/N Odds ratio 
5/30 2 . 1  
5/30 1 .8 
16/ 100 1 .8 
5/45 1 .4 




5/ 164 2.7 
1 /30 2.1 
2/30 0.48 
3/60 1 .0 
3/30 1 .8 
3/30 2.3 
6/60 2.0 
Ovarian stimulation protocols 
0.06-1 7  
0.06-1 7  
0. 14·7.4 
95% Cl 
0.49- 1 .9  












0.05- 1 5  
0.64-1 1 








1 . 1 - .3.0 
0.25- 1 1 6  
0.32-33 
0.63-7.5 
0.96 -7.4 --- --
0.1 8-24 
0.04-5.6 
0. 1 9-5 . 1  
0. 39-8.3 
0.5 1 - 10  
0.7-5.6 
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Table I I .  Results of primary and secondary outcomes 
Gonadotrophins vs. GnRHantagonist Gonadotrophins Odds ratio 95% Cl 
gonadotrophins + GnRH n/N n/N 
antagonist 
Live birth rate per couple 
Gomez 2005 1 5/39 7/41 3 .0 1 . 1 -8.6 
Pregnancy rate per couple 
Gomez 2005 1 5/39 7/41 3.0 1 . 1 -8.6 
Lambalk 2006 1 3/93 1 2/85 0.99 0.42-2.3 
Ragni 2001 3 / 19  3/22 1 .2 0.21 -6.7 
Total 31 / 1 51 22/ 148 1 . 5 0.83-2.8 
Multiple pregnancy rate per couple 
--- - - -
Gomez 2005 1 /39 0/41 3.2 0. 1 3-82 
Lambalk 2006 2/93 2/85 0.91 0. 1 3-6.6 
Ragni 2001 0/19 3/22 0. 14 0.01 -3.0 
Total 3 / 15 1  5/ 148 0.67 0. 1 9-2.5 
High dose gonadotrophins vs. low High dose n/N Low dose n/N Odds ratio 95% Cl 
dose gonadotrophins 
Pregnancy rate per couple 
Dhaliwal 2002 39/ 100 35/100 1 .2 0.67-2.1 
Sengoku 1 999 7/48 7/49 1 .0 0.33-3.2 
Total 46/148 42/ 1 49 1 . 2 0.69-1 .9 
Multiple pregnancy rate per couple 
Dhaliwal 2002 2/100 0/100 5 . 1  0.24-108 
Sengoku 1 999 2/48 1 /49 2 . 1  0.1 8-24 
Total 4/148 4/149 3.1  0.48-20 
Miscarriage pregnancy rate per couple 
Dhaliwal 2002 2/100 9/ 100 0.21 0.04-0.98 
Sengoku 1 999 1 /49 1 /48 0.98 0.06-1 6 
Total 3/ 149 10/148 0.28 0.08-1 . 1  
OHSS rate per couple 
Dhaliwal 2002 6/100 0/100 14  0.77-249 
Sengoku 1 999 1 3 /48 4/49 4.2 1 .3-14 
Total 19/148 4/149 5 .5  1 .9-17 
Daily dose vs. alternate day daily dose n/N Alternate dose n/N Odds ratio 95% Cl 
gonadotrophins 
Live birth rate per couple 
Ragni 2004 9/30 1 /33 14 1 .6-1 1 6  
gonadotrophins vs. Anti-E2 n/N Gonadotrophins Odds ratio 95% Cl 
gonadotrophins+anti-E2 alone n /N  ------�-
pregnancy rate per couple 
Ransom 1996 25/53 10/45 3 . 1  1 . 3-7.6 
Estrogens vs. estrogens+ anti-E2 Anti-E2 n/N CC alone n/N Odds ratio 95% Cl 
pregnancy rate per couple 
Gerti 2000 1 2/32 2/32 9.0 1 . 8-45 
Letrozole vs. hMG Letrozole n/N hMG n/N Odds ratio 95% Cl 
Pregnancy rate per couple 
Jamal 2005 7140 6/40 1 .2 0.37-4.0 
Cl= confidence interval, CC= clomiphene citrate, hMG= human menopausal gonadotrophins, u-FSH= urinary follicle 
stimulating hormone, r-FSH= recombinant follicle stimulating hormone, E2= estrogens, GnRH= gonadotrophin-releasing 
hormone, OHSS= ovarian hyperstimulation syndrome 
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GnRHa long vs. GnRHa ultralong ultralong n/N long n/N Odds ratio 95% Cl 
protocol 
Pregnancy rate per couple 
Kim 1 996 9/39 1 1 /41 2.6 1 .0·6.6 
Phyto-E2+ CC vs. CC alone Phyto-E2 n/N CC alone n/N Odds ratio 95% Cl 
Pregnancy rate per couple 
Unfer 2004 1 3/65 3/69 5.5 1 . 5-20 
Tamoxifen+gonadotrophins vs. Tamoxifen n/N CC n/N Odds ratio 95% Cl 
anti-E2 
Pregnancy rate per couple 
Wang 2004 6/16 4/32 4.2 0.98-1 8  
Using gonadotrophins improved the pregnancy rates per couple significantly compared to anti­
estrogens (OR 1.8, 95% Cl 1.2 to 2. 7) (Figure I). However, the results were not very robust, 
since the results were no longer significant with a random effect model (OR 1.8, 95% Cl 0. 97 to 
3.3). The incidence of multiple pregnancies (10%) was similar between ovarian stimulation with 
gonadotrophins and anti-estrogens. 
Figure 1 .  
gonadotrophins anti-E2 
Study n/N n/N 
Balasch 1 994 12/50 4/50 
Dankert 2006 1 7/67 1 9/71 
Ecochard 2000 3/29 6/29 
Kamel 1 995 4/28 2/26 
Karlstrom 1 993 3/15 1/17 
Karlstrom 1 998 8/40 4/34 
Matorras 2002 30/49 1 6/51 
Total (95% Cl) 77/278 52/278 
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There is no evidence of benefit in using letrozole compared to clomiphene citrate according to 
pregnancy rates (OR 1.2, 95% Cl 0.64 to 2.1) (Figure II). Multiple pregnancy rates and miscar­
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Favours aromatase inhibitors 
There is no evidence of benefit in using hMG compared to FSH according to pregnancy rates (OR 
1.0, 95% Cl 0.59-1. 8) (Figure I l l). Multiple pregnancy rates and miscarriage rates were similar 
between both gonadotrophins. The same can be concluded for the comparison u-FSH versus 
r-FSH. (Figure I l l )  
Figure 3. 
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O R  (95% C l  fixed) 
1 .3 (0.33 to 4.8) 
2.0 (0.51 to 8.1 ) 
8.0 (0.8 to 79) 
0.41 (0. 14 to 1 .2) 
0.9 (0.29 to 2.8) 
1 .0 (0.59 to 1 .8) 
0.97 (0.49 to 1 .9) 
1 .0 (0.34 to 3.1 ) 
2.2 (0.98 to 4.9) 
1 .3 (0.55 to 2.9) 
1 .6 (0.76 to 3.3) 
1 .4 (0.95 to 1 .9) 
Favours hMG/ r-FSH 
Gonadotrophins alone revealed significant higher pregnancy rates compared to the group where 
a GnRH agonist was added (OR 1.8, 95% Cl 1. 1 to 3 .0) (Figure IV). Adding a GnRH-agonist also 
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resulted in a non-significant increase in multiple pregnancies (OR 2.7, 95% Cl 0.96 to 7.4). 
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2.1 (0.62 to 7.4) 
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Favours gonadotrophins alone 
Adding a GnRH antagonist to gonadotrophins resulted in a statistically significant higher number 
of live births (OR 3.0, 95% Cl 1. 1 to 8.6). However, the results are based on one study with 
small numbers, which implies that this result is not robust. The results in pregnancy rates were 
not significantly different (OR 1. 5, 95% Cl 0.83 to 2.8) (Figure V). Scheiber and co-workers 
found that r-FSH with an antagonist is superior to r-FSH alone in preventing cycle cancellation 
for premature luteinization without showing a significant improvement in pregnancy rates. 
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Based on one small study we concluded that adding anti-estrogens to gonadotrophins resulted 
in significantly lower pregnancy rates per couple compared to gonadotrophins alone (OR 3. 1, 
95% Cl 1 .3  to 7. 6). 
Live birth rates were significantly higher when daily dose of gonadotrophins were given 
compared to alternate day dose gonadotrophins (OR 14, 95% Cl 1.6 to 116). However, these 
results are probably not robust since a small number of participants were included. The pooled 
effect of two studies revealed that there is no evidence of benefit using 150 IU gonadotrophins 
per day compared to 75 IU per day (OR 1 .2, 95% Cl 0.69 to 1. 9). Multiple pregnancy rates were 
comparable. When a high dose of gonadotrophins was given, the OHSS rate was significantly 
higher than using a low dose of gonadotrophins (OR 5.5, 95% Cl 1.9 to 17). 
The results showed a statistically significant improvement of clinical pregnancy rates when 
ethinyl E2 was added to anti-estrogens (OR 9 .0, 95% Cl 1 .8 to 44). However, since the power of 
the study is limited this result is also not robust. 
Discussion 
The first conclusion that can be drawn from this systematic review is that many studies have 
been performed comparing ovarian stimulation protocols but little evidence is conclusive. 
The results demonstrated that in an IUI program ovarian stimulation with gonadotrophins 
increases pregnancy rates per couple significantly, compared to anti-estrogens, without 
effecting adverse outcomes. One important confounding factor that might influence results 
is the dosage of anti-estrogens and gonadotrophins used. Ecochard and co-workers (Ecochard 
2000) stimulated with 150 IU gonadotrophins on day 4, 6, 8 and 9 of the cycle instead of 
daily injections. Hughes and co-workers showed that results of stimulation on alternating days 
were disappointing concluding that daily dosage of ovarian hyperstimulation may be necessary 
instead of this form of 'coasting' (Hughes 1998). There also might be a minimum acquired dose 
of gonadotrophins since very low pregnancies were reported when a low-dose regimen was 
given on alternating days (Hughes 1998, Ragni 2001) although the half-life for r-FSH is around 
30 to 40 hours (Mannaerts 1996 ). Performing meta-analysis without the study of Ecochard and 
co-workers showed a statistically significant difference in favour of gonadotrophins (OR 2. 0 95% 
Cl 1.3 to 3 . 1  ). Although it is generally believed that gonadotrophins results in significant higher 
multiple pregnancy rates compared to clomiphene citrate, we could not conclude this with the 
available data. 
It has been suggested that aromatase inhibitors would result in higher ongoing pregnancies 
compared to anti-estrogens; however this review could not confirm this theory. Since cost­
effectiveness is important nowadays, this should be taken into account in new research. 
There is no convincing evidence of a difference comparing r-FSH with u-FSH. However, two 
studies (Gerli 2004, Gerli 2004a) compared 75 IU u-FSH with 50 IU r-FSH, which might result in 
lower pregnancy rates with r-FSH than expected when the same dose would have been used. 
Ovarian stimulation protocols 
However, in view of the apparent increased bioactivity of r-FSH over u-FSH products one might 
consider this a correct comparison (Out 1995). According to previous literature recombinant 
products have certain advantages such as higher batch-to-batch consistency, high purity, avoiding 
injection of potentially allergenic proteins, the likelihood of reducing the risk of infectious 
particles, rendering the production independent of urine collection and the elimination of drugs 
co-extracted from urine (Matorras 2000, No authors listed 1998). On the other hand nowadays 
costs should be included into decision making, whereas u-FSH is 33 to 50 % cheaper (Gerli 2004). 
This review has shown there is no evidence to suggest which is better FSH or hMG. There 
was a significant reduction in the total amount of gonadotrophins used in favour of hMG, 
which should be taken into account regarding treatment costs. The same was concluded for 
in vitro fertilisation and intracytoplasmic sperm injection cycles recently (Al-lnany 2005). 
By adding GnRH agonists to gonadotrophins the number of multiples has shown to be higher 
without improving pregnancy rates, as stated above. Bearing these data in mind, together 
with the fact that GnRH agonists are expensive, their use should be carefully considered in 
an intrauterine insemination program. This conclusion is in line with a previous publication 
(Dodson 1991 a). 
Adding a GnRH antagonist showed promising results. One of the studies (Gomez 2005) included 
showed a significant difference favouring treatment with a GnRH antagonist. However, there 
was a significant difference found in the number of dominant follicles at the moment of hCG 
injection between treatment groups (higher number of dominant follicles in the group treated 
with GnRH antagonists). A placebo was not used and therefore clinicians were not blinded in 
this study. This might have resulted in more aggressive stimulation when an antagonist was 
added, resulting in significantly more dominant follicles in the antagonist group, and thus 
more pregnancies. This should be taken into account when the results of the meta-analysis are 
interpreted. It is clear that future well-randomized trials, consisting of at least 300 couples, 
should lead to a definite answer whether GnRH antagonist are cost-effective and efficient. 
Based on small numbers our results show that doubling the daily dose of gonadotrophins 
per day from 75 IU to 150 IU does not improve treatment outcome. Considering cost-effec­
tiveness, this is an important finding, especially when negative side effects are taken into 
account as well. The results imply, based on available data of 297 couples, that OHSS rate 
is significantly higher when a high dose stimulation protocol is used. It seems logical to 
assume that the more aggressive an ovarian stimulation protocol is the higher OHSS rates will 
be. Finally, multiple pregnancy rates have been discussed extensively in literature (Fauser 
2005, Nan 1994). There is increasing evidence from national registries, that MOH combined 
with national guidelines of cancellation criteria reduces the risks of multiples (< 10 % twins 
and 1% triplets) with acceptable pregnancy rates per couple (Haagen 2006, Steures 2006). 
Conclusion 
1. Based on the available results gonadotrophins seems to be the most effective drugs when 
IUI is combined with ovarian hyperstimulation. However, this result is not very robust and more 
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research is needed. Anti-estrogens appear to be cost effective in IUI programs, although they 
seem somewhat less effective compared to gonadotrophins. Users should be aware of the fact 
that anti-estrogens do not prevent multiples and that an anti-estrogenic effect on the endome­
trial thickness has been reported. 
2. When gonadotrophins are applied we advise to apply it on a daily basis. Low dose protocols 
(50 to 75 IU per day) are advised since pregnancy rates do not seem to differ significantly from 
pregnancy rates with high dose regimens (> 75 IU per day) whereas the changes to encounter 
negative effects from ovarian stimulation, such as the risk of multiples and the risk of OHSS may 
be higher with high dose protocols. 
3. There seems to be no role for GnRH-agonists in IUI programs as they increase costs tremen­
dously, increase the number of multiples without increasing the probability of conception 
significantly. We therefore advise not to use GnRH agonists in this setting, if mild ovarian 
hyperstimulation is applied. 
4. Whether or not urinary gonadotrophins should be used as first choice compared with recom­
binant products is more a discussion of purity, traceability and costs. There is no convincing 
evidence of a significant difference in the probability of conception. 
5. Whether or not GnRH-antagonists are going to play a role in MOH/IUI programs needs to be 
determined in future trials. 
6. From the available data there is no convincing evidence that letrozole is superior to clomi­
phene citrate and therefore the costs should be taken into account. 
In general, it is important to provide data about the efficacy of ovarian stimulation combined 
with IUI for all women suffering from subfertility. However, clear definition of the study popula­
tion is also needed to assess the effectiveness of treatment in daily practice. Using placebos 
in a control group will improve the quality of studies. Suggested randomized controlled trials 
that need to be done: 
- Clomiphene citrate versus gonadotrophins combined with IUI for unexplained subfertility and 
male factor subfertility (including power calculation) 
- Gonadotrophins versus gonadotrophins combined with a GnRH antagonist including cost-effi­
cacy for unexplained and mild male subfertility. 
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In their authority-based review (Fauser 2005), Bart Fauser and co-workers discuss an impor­
tant subject: the prevention of multiple pregnancies after assisted reproductive technologies. 
Fauser and colleagues state that intrauterine insemination (IUI) combined with ovarian hyper­
stimulation is a major contributor to this problem and recommend IUI in natural cycles as a 
first-line treatment option; they also recommend this treatment for couples with unexplained 
and mild male subfertility. This opinion, however, is insufficiently supported by evidence for 
the following reasons. First, Fauser and colleagues do not make a clear distinction between 
aggressive hyperstimulation protocols- which are often applied in a commercially driven 
environment-and mild ovarian hyperstimulation protocols. Fauser and colleagues arbitrarily 
selected three studies, including two with a retrospective design, in which aggressive stimula­
tion protocols were used without strict cancellation criteria and which led to unacceptably 
high multiple pregnancy rates. However, the results of other randomized trials that applied a 
mild stimulation protocol with strict cancellation criteria show reasonable pregnancy rates per 
cycle (13- 34%) and no multiple pregnancies (Fauser 2005). Mild ovarian hyperstimulation aims 
to mature one to two oocytes only and to trigger ovulation to facilitate optimum timing of IUI.  
This approach may also correct subtle abnormalities in follicular maturation and fertilization, 
and may improve the endometrial quality for embryo implantation . These mild stimulation 
protocols are widely recommended and it is improper to omit such data from a review. 
Second, Fauser and colleagues' suggestion to apply IUI in natural cycles only in couples with 
unexplained subfertility is based on statistical engineering instead of clinical evidence. Hughes 
and co-workers used the results of 22 randomized trials to calculate the independent effect of 
IUI in couples with unexplained infertility. However, only two of these trials compared the effi­
cacy of IUI with timed intercourse in natural cycles for unexplained subfertility, and no signifi­
cant difference was found between them. The other 20 trials included 17 trials with ovarian 
hyperstimulation .  Can an independent effect of IUI derived from trials that apply ovarian 
hyperstimulation be translated to an expected effect in natural cycles, while, for instance, 
the method of timing IUI differed substantially? Although maybe statistically justified, it is 
debatable from a clinical point of view. Admittedly, in a large randomized trial not included 
in the study by Hughes, an independent effect of IUI alone was claimed, but the effect found 
(pregnancy rate per cycle of 5% only) was probably no better than the spontaneous chance 
of conceiving (Hughes 1997, Te Velde 1999) .  In the absence of any randomized trial showing 
a clinical benefit of natural-cycle IUI for patients with unexplained infertility, this treatment 
should not be recommended. When referring to the review by Hughes, Fauser and co-workers 
should have emphasized one of the most important conclusions as well: the combination of 
IUI and gonadotrophin hyperstimulation in couples with unexplained subfertility might result 
in a five-fold increase of fecundity rates compared with the spontaneous chance of concep­
tion. Analogous to in-vitro fertilization (IVF), by which multiple pregnancies can effectively be 
prevented by offering single embryo transfer and not necessarily by offering natural-cycle IVF, 
the prevention of multiple pregnancies after IUI in combination with ovarian hyperstimulation 
can be achieved by careful selection of patients, mild stimulation, strict monitoring, and well 
defined cancellation criteria. 
Multiple Pregnancy 
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Abstract 
Objectives: 
IUI with or without mild ovarian hyperstimulation (MOH), is one of the treatment modalities 
offered to couples who have tried to conceive for at least one year (subfertile couples). It has 
been suggested that increasing the number of inseminations from one per cycle to two could 
increase the probability of conception. 
Materials and Methods: 
The principles of the Cochrane Menstrual Disorders and Subfertility Group were employed. Only 
randomized controlled studies comparing single with double IUI were included in this review. 
The main outcome measures included live birth rates and pregnancy rates per couple. 
Results : 
We identified six studies involving 1785 women. There were no data for the main outcome 
measure of live birth per couple or ongoing pregnancy rates, and no authors presented compar­
ative data for adverse events. The results of five studies that reported pregnancy rate per 
couple showed a significant effect of using double insemination (OR 1.8 ,  95% Cl 1.4-2.4). 
Conclusion : 
Based on the results of pregnancy rate per couple in five trials, double insemination resulted in 
significant benefit over single intrauterine insemination in the treatment of subfertile couples 
with husband semen. If advise is to be offered regarding clinical practice, further research is 
warranted. 
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Introduction 
The usual definition of subfertility is couples who have tried to conceive for at least one year. 
This is approximately 10% of couples who try to conceive (Beurskens 1 995) .  Subfertility is consid­
ered unexplained when routine fertility evaluation does not show any abnormality (Crosignani 
1 996).  Couples with male subfertility have repeated semen analyses below the criteria for 
normal semen as defined by the World Health Organization (WHO) (WHO 1992 ) .  Subfertility 
diagnoses also include mild endometriosis, ovulatory dysfunction and cervical factor. In spite 
of significant advances in the field of reproductive medicine there are still opportunities for 
optimizing treatment modalities (Allen 1985, Zayed 1997) . 
I ntrauterine insemination ( IU I ) ,  with or without mild ovarian hyperstimulation (MOH) ,  is one of 
the treatment modalities offered most often to subfertile couples because it is less stressful, 
invasive and expensive than interventions such as in vitro fertilization and gamete intrafallopian 
transfer (Guzick 1999, Karande 1 996, Ombelet 1997, Peterson 1994) . In  IU I ,  motile spermatozoa 
are directly transferred into the uterine cavity, after sperm preparation and concentration 
in a small volume of medium. MOH improves the probability of conception by increasing the 
number of available oocytes and correcting subtle cycle disorders (Arici 1994, Murdoch 1 99 1 ,  
Nulsen 1 993) .  IU I  combined with ovarian hyperstimulation has been proved effective i n  couples 
with unexplained subfertility and may be considered as one of the first treatments in this group 
(Chung 1 995 ,  Goverde 2000, Hughes 1 997, Verhulst 2006) .  In  male subfertility, whether IU I  is 
effective is a matter of ongoing debate (Bensdorp 2007) .  The addition of MOH seems to be 
effective in couples with a minor semen defect only (Cohlen 1 998) . 
Some authors have suggested that increasing the number of inseminations per cycle from one to 
two may increase the probability of conception, although there has been no consensus in litera­
ture (Ransom 1994, Silverberg 1992).  Compared with a single IU I ,  a second consecutive IU I  adds 
significantly to the cost and psychological burden, making it important to confirm its beneficial 
effect before recommending this procedure on a large scale (Ragni 1999a, Ragni 1 999b) .  
When IU I  i s  performed, adequate timing i s  a matter of  paramount importance. It is possible 
that differences in outcomes may relate partly to the timing of insemination rather than single 
versus double IUI per se. The optimal timing of insemination should be investigated in a sepa­
rate systematic review. The aim of this systematic review was to determine whether there is 
a difference in live birth rate and pregnancy rate for subfertile couples using single or double 
IU I  in stimulated cycles. 
Materials and methods 
Search strategy 
We searched for all publications which described randomized controlled of single versus double 
intrauterine insemination . This review has employed the search strategy developed by the 
Cochrane Menstrual Disorders and Subfertility Group. The Cochrane Group's specialised register 
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of controlled trials (searched June 8, 2007) and the Cochrane Central Register of Controlled 
trials (CENTRAL) were searched. We also completed electronic search of MEDLINE (January 
1966 to June 2007) , EMBASE (January 1988 to June 2007) and SCIENCE Direct Database (January 
1966 to June 2007). For congress information , Confsci Conf , Mediconf (January 1973 to 15 June 
2007) and Pascal (January 1984 to June 2007) were searched. Handsearching of the ESHRE and 
ASRM abstract books was performed and reference lists of articles were searched. Researchers 
in the field were contacted and there was no language restriction. 
The following Medical Subject Headings (MeSH terms) and all combination of these words were 
used: IUI , intrauterine , intra uterine , intra-uterine , insemination , artificial insemination, effec­
tiveness , subfertility, subfertile , superovulation , ovarian hyperstimulation , controlled ovarian 
hyperstimulation , MOH , AIH , single , double , multiple , timing , {randomized controlled trial 
[Publication type] , controlled clinical trial [Publication type] , randomized controlled trials , 
random allocation , double-blind method , single-blind method, clinical trial [Publication type] , 
clinical trials , (clinical AND trials*), [ (singl* OR doubl*), (blind* OR mask*)] , placebos , placebo* , 
random* , research design , comparative study, evaluation studies , follow-up studies prospective 
studies , control , controlled , prospectiv* , volunteer*} , {Human [MESH] NOT (Human [MESH] AND 
Animal [MESH])}. 
Identification of included trials 
Criteria for considering studies for this review were: (i) randomized controlled trials with a 
parallel design; (ii) interventions involving a standard IUI procedure , where single IUI versus 
double IUI with MOH is compared; (iii) subfertile couples undergoing IUI defined as couples 
who have tried to conceive for at least one year and (iv) primary outcome as live birth rate 
per couple. Secondary outcomes as pregnancy rate per couple , pregnancy rate per cycle , 
multiple pregnancy rate, miscarriage rate, ectopic pregnancy rate, and ovarian hyperstimula­
tion syndrome (OHSS) were also studied. 
The selection of trials for inclusion in the review was performed independently by two reviewers , 
after employing the search strategy described previously. Disagreements were resolved by 
consensus or through arbitration by a third reviewer. This review was updated once in 2007. 
Data extraction and analysis 
All data were extracted independently by two reviewers , entered into Review Manager computer 
software (RevMan 5) where appropriate. Contact was made with the authors of these studies 
to give details that were not reported and to give more information about the published data. 
Statistical analysis was performed in accordance with the guidelines for statistical analysis 
developed by the Menstrual Disorders and Subfertility Group (1999). The fixed effect model was 
used. Heterogeneity between the results of different studies was noted and cautiously explored 
by inspecting the scatter in the data points and the overlap in their confidence intervals (Cl), 
and more formally by checking the results of the 12-tests. Any possible contributions of differ­
ences in trial design to any heterogeneity were identified in this manner. For dichotomous data , 
results for each study was expressed as an odds ratio (OR) with 95% Cl and combined for meta­
analysis with RevMan software using the Peto-modified Mantel-Haenzel method. Continuous 
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data would have been combined for meta-analysis with RevMan software using the weighted 
mean difference (WMD) with 95% Cl and a fixed effect model. 
Results 
Description and methodological quality of studies 
Thirteen studies potentially contained data comparing single versus double insemination per 
cycle. Our further evaluation based on the inclusion criteria identified three trials eligible for 
inclusion. When updating this review, we performed the search again and six additional articles 
were found, of which three were eligible for inclusion. One study (Karlstrom 2000) is waiting for 
assessment because separate data on IUI cycles is necessary. We registered one study (Rawal) 
as an ongoing study. Eleven publications in total failed to meet the inclusion criteria because 
they either did not perform the comparison of interest, did not report a truly randomized trial 
design with adequate allocation concealment or it was an abstract of an included study (Alborzi 
2003, Calderon 2000, Centola 1990, Deary 1997, Kemmann 1985, Khalifa 1995, Kovacs 1988, Lui 
2005, Matilsky 1998, Ransom 1994, Yang 1998). 
Thus, six studies with a total of 1785 women and 2072 cycles were included and reviewed in 
detail (Table I). All but one of the included studies were single center studies. Four studies 
stated allocation with computer-generated random numbers, but did not mention the method 
of concealment. In one of the studies (Ragni 1999) allocation was stated to be randomized 
without further specification. Casadei and co-workers reported allocation with computer­
generated random numbers masked in sealed envelopes. 
None of the studies reported blinding, indeed, prevented by the invasive nature of the interven­
tion none of the studies reported using an intention-to-treat analysis. Three studies reported 
dropouts (Casadei 2006, Liu 2006, Silverberg 1992) and two reported cancelled cycles (Casadei 
2006, Silverberg 1992). Three studies (Casadei 2006, Ng 2003, Zeyneloglu 2002) reported an a 
priori power analysis, but did not give the exact outcomes. 
None of the included studies reported live birth rates. All but one study (Silverberg 1992) 
reported the clinical pregnancy rate per couple. All included trials assessed pregnancy rate per 
completed cycle and pooled their final results. However, most couples receive several treat­
ment cycles, which makes every cycle a dependent event, with every subsequent cycle the 
probability of conception decreasing. Three studies (Liu 2006, Casadei 2006, Ng 2003) reported 
multiple pregnancy rate per couple and miscarriage rate per couple in each treatment group. 
OHSS rate was mentioned in two studies (Liu 2006, Ragni 1999) and ectopic pregnancy rate was 
reported only in the study of Ragni and co-workers. None of the studies assessed treatment 
costs. 
89 
Table I. Details of randomized controlled trials included in the meta-analysis. 
study Casadei (2006) Liu (2006) Ng (2003) 
methods of randomization computer-generated random random number table computer generated 
number randomization list 
allocation of concealment sealed masked envelopes not stated not stated 
trial design parallel parallel parallel 
multicenter/Single center single center single center not stated 
blinding no no no 
intention to treat no no no ----
power calculation yes no yes 
location of trial Rome, Italy Changsha, China Hongkong 
duration of trial 1 . 5  years not stated not stated 
participants 
no of women 94 women 1270 women 90 women 
no of cycles 138 cycles 1257 cycles 204 cycles 
age of women (years) 1 IU I :  34.9±4.2 male factor: 32. 1±3.3 1 IUI: 32.7±2.4 
2 IU I :  34. 7±4.0 unexplained factor: 34. 9±3.5 2 IUI: 32.9±2.7 
type of subfertility male subfertility male subfertility male subfertility 
unexplained subfertility unexplained subfertility unexplained subfertility 
endometriosis 
PCOS 
duration of subfertility 3.5±2.0 for total group male factor: 3.4±2.7 1 IUI :  4.4±1.7 
(years) unexplained factor: 4.9±5.2 2 IUI: 4.2±2.1 
stimulation protocol rFSH 75 IU for 6 days from starting with or without 50 starting with or without CC 
CO2 mg CC from CD3 for 5 days, 50 mg from CD 3-5 75-150 IU 
For tubal factor 150 IU 75-150 IU hMG on day 5,7 hMG CD 5,7 and 9 
For PCOS 37.5·75IU and 9 
timing of insemination 1 IU I :  36 hours after hCG 1 IUI :  34 hours after hCG 1 IUI: 38 hours after hCG 
2 IU I :  12 and 36 hours after 2 IU I :  1 8·24 hours and 36-48 2 IUI: 18 and 38 hours after 
hCG hours after hCG hCG 
type of semen husbands semen husbands semen husbands semen 
semen preparation swim-up technique Percoll density gradient density gradient 
technique centrifugation 
volume of injected semen 0.3·0.5 mL/ IUI 0.5 ml/lUI 0.3-0.5 ml/lUI 
Insemination catheter Frydman catheter not stated Tomcat catheter 
primary outcome PR/couple PR/couple PR/couple 
-----
secondary outcome PR/cycle PR/cycle PR/cycle 
multiple pregnancies multiple pregnancy 
OHSS rate miscarriage 
miscarriages 
IUI= intrauterine insemination, PCOS= polycystic ovary syndrome, rFSH= recombinant follicle stimulating hormone , CD= 
cycle day, CC= clomiphene citrate, hMG= human menopausal gonadotrophins, hCG= human chorionic gonadotrophins, PR= 
pregnancy rate, OHSS= ovarian hyperstimulation syndrome, IU= international units 












1 IU I :  32.0±3.4 
2 IUI :  32.5±3.0 
male subfertility 
unexplained subfertility 
not defined per group (at least 3 years) 
1 50 IU hMG 
1 IUI :  12 hours after hCG 
2 IUI :  12 and 34 hours after hCG or 34 
and 60 hours after hCG 
husbands semen 
density gradient centrifugation 
0.3-0.5 ml/lUI 




ectopic pregnancy rate 
OHSS rate 
Silverberg (1 992) Zeyneloglu (2002) 
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computer-generated random numbers computer-generated random number 
table 
not stated not stated 
parallel parallel 
single center single center ------- -----
no not stated 
no no 
no 
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Table II expresses the results for primary and secondary outcomes for data, which was available 
from the trials. Trials have been combined for pregnancy rate per couple , multiple pregnancy 
rate per couple and miscarriage rate per couple. The trial of Ragni and co-workers compared 
single insemination with two different timing protocols of double insemination. The results of 
this study were analyzed by splitting up the control group and assigning half of them to each 
intervention group. The summary statistics revealed a statistically significant difference in 
favour of double insemination (OR 1 .8 ,  Cl 95% 1 .4 to 2.4) .  This observed difference is largely 
due to the contribution of the study of Liu and co-workers with a weight of 66.5% (Figure I). 
There was no statistically significant difference in multiple pregnancy rates between single or 
double insemination (OR 2 .5 ,  95% Cl 0.  72 to 8. 9). The meta-analysis of the results of miscar­
riage rate revealed no statistically significant difference between single or double insemina­
tion either (OR 1.8 ,  95% Cl 0. 75 to 4.2). A sensitivity analysis and subgroup analysis could be 
performed if there were more than 10 trials , on criteria stated above . 
Table II. Results of primary and secondary outcomes 
1 IUI versus double IU I  double IUI  n/N single IUI n/N Odds ratio 95% Cl 
Pregnancy rates per couple 
Casadei 2006 9/39 5/43 2.3 0.69-7.5 
Liu 2006 1 24/624 70/633 2.0 1 . 5-2.7 
Ng 2003 1 1 /30 1 1  / 30 1 .0 0. 35-2.9 
Ragni 1 999a 28/92 6/45 2.8 1 . 1 -7.5 
Ragni 1 999b 1 0/91 7/45 0.67 0.24-1 .9 
Zeyneloglu 2002 4/50 4/42 1 . 1  0.25-4.5 
Total 1 86/916 103/838 1 .8 1 .4-2.4 
Multiple pregnancy rates 
Casadei 2006 1 /39 0/43 3.4 0. 1 3-86 
Liu 2006 6/624 1 /633 6.1  0.74-51 
Ng 2003 1 /30 2/30 0.48 0.04-5.6 
Total 8/693 3/706 2.5 0.72-8.9 
Miscarriage rates 
Casadei 2006 1 /9 2/43 0.54 0.05-6.2 
Liu 2006 2/14 3/633 2.7 0.72-10 .3  
Ng 2003 2/17 4/30 1 .6 0.41 -6.5 
Total 5/693 9/706 1 .8 0.75-4.2 
IUI= intrauterine insemination 
Discussion 
In the first version of this revie".'V, we concluded that large high-quality randomized trials were 
lacking and therefore firm conclusions could not be drawn. In this update , one large prospective 
trial (Liu 2006) could be included, comprising more than 60% of the couples in the meta-analysis 
and revealing a statistically significant higher pregnancy rate per couple when double insemina­
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OR (95% Cl fixed) 
2.3 (0.69 to 7.5) 
2.0 (1 .5 to 2.7) 
1 .0 {0.35 to 2.9) 
2.8 {1 .1  to 7.5) 
0.67 (0.24 to 1 .9) 
1 . 1  {0.25 to 4.5) 
1 .8 {1 .4 to 2.4) 
Favours double IUI 
However, this effect was seen only in couples suffering from mild male subfertility. It was 
explained by the authors (Liu 2006) by the fact that they included only mild male factor subfer­
tility with a total sperm count of 10-20 x 106 per ml. However, this does not explain the differ­
ence that exists between male subfertility and unexplained subfertility, since mild male factor 
and unexplained subfertility are almost the same entity. 
It is remarkable that the pregnancy rates in the male subfertility group were as high as with 
in vitro fertilization, which could be difficult to reproduce in future research. Furthermore, 
the total number of spermatozoa inseminated differed significantly between the male subfer­
tility group and the unexplained subfertility group, with significantly more motile spermatozoa 
inseminated in the idiopathic subfertility group. In cases of male subfertility, the spermatozoa 
probably survive for an even shorter time in the female genital tract compared with normal 
sperm (Cohlen 1998). Although with double insemination a greater total number of sperma­
tozoa are inseminated, the pregnancy rates were not related to sperm concentration in the 
2006 study of Liu and co-workers. Altogether, there is no good explanation of why more preg­
nancies were seen in the male subfertility group in the Liu 2006 study. 
Other methodological problems with the trials include: lack of sufficient power and no inten­
tion to treat analysis or power analysis. Besides this, each trial used different protocols for 
ovarian hyperstimulation, different timing of insemination and different semen preparation, 
which might have introduced clinical heterogeneity. 
Another review (Osuna 2004) concluded that ovarian hyperstimulation with clomiphene citrate 
(CC) resulted in significantly higher pregnancy rates in double compared with single insemina­
tion. This was not seen with gonadotrophin stimulated cycles. A reason for this difference could 
be a reduced number of available oocytes at the moment of insemination when using CC, in 
which case two inseminations would be beneficial. In our review, one study stimulated with CC 
alone (Zeyneloglu 2002) did not reveal a significantly better effect for double insemination. 
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More aggressive ovarian stimulation leads to more dominant follicles, which influences treat­
ment outcomes, with higher pregnancy rates, and more side effects such as multiple pregnan­
cies and OHSS. Studies that demonstrated a significant effect of double insemination (Liu 2006, 
Ragni 1 999, Silverberg 1 992) reported a mean of three dominant follicles larger than 1 5  mm 
compared with a mean of 1 .  7 dominant follicles in the studies that did not report a signifi­
cant difference between single and double insemination (Casadei 2006, Ng 2003, Ragni 1 999, 
Zeyneloglu 2002). Only Silverberg and co-workers reported a significantly higher mean number 
of follicles (larger than 1 6  mm) in the group receiving double insemination. 
One can conclude that double insemination may be effective only when more dominant follicles 
are available and which rupture at different intervals after administering hCG. 
The timing of single and double inseminations was slightly different in each study included. 
The optimal timing of IUI has been discussed extensively by other authors (Guzick 2004, Ragni 
2005). Andersen and co-workers found that approximately 38 hours after hCG administration 
the largest follicle ruptures (Andersen 1 995). This suggests that the optimal timing for insemi­
nation would be around 38 hours after hCG administration. Claman and co-workers performed 
a randomized trial comparing IUI after 32 to 34 and 38 to 40 hours, reporting no significant 
difference in pregnancy rates (Claman 2004). Huang and co-workers performed a prospective 
non-randomized trial comparing different timing protocols for IUI after hCG (26 to 28 hours 
versus 36 to 38 hours), which gave similar results (Huang 2000). Thus, it can be hypothesized 
that an optimal window of several hours seems to exist in which IUI can be performed. How 
large this window is and when it begins and ends needs to be further investigated. 
Finally, different techniques were used for semen preparation (swim-up or gradient tech­
niques), which have similar pregnancy rates (Boomsma 2007, Carrell 1 998). A study by Horn­
stein and co-workers reported significant decreases in semen volume, sperm concentration and 
sperm motility in semen samples obtained on the second day of consecutive day inseminations. 
Sperm-washing procedures cannot overcome this natural reduction in semen quality produced 
by frequent ejaculation. Conclusively, a second insemination in the same cycle may not be as 
effective as the first. Apart from this, fertilization with sperm of compromised quality, used in 
cases of male subfertility, can result in clinical pregnancy but could possibly result in a higher 
rate of miscarriage and eventually a lower rate of live birth than expected on the grounds 
of clinical pregnancy rates. Unfortunately, no current data are available in the literature to 
confirm this hypothesis. 
A second IUI in the same cycle will add to the cost of treatment, but it may be cost-effective if 
the number needed to treat with double IUI is low. The number needed to treat we calculated 
from the data of Liu and co-workers was 81 . 
A formal cost-benefit analysis was not carried out by any of the authors of the included studies. 
In one trial (Ragni 1 999) the authors mentioned the approximate cycle costs of single and 
double IUI per cycle. Goverde and co-workers reported the exact costs of IUI treatment. These 
Single versus double IUI 
costs, given per pregnancy resulting in at least one live birth, were USO 4511 to 5710. Neverthe­
less, no information was given on cost of an additional IUI in the same cycle. 
Conclusion 
There is evidence that double IUI gives rise to higher pregnancy rates in subfertile couples. This 
conclusion is based on the results of five small randomized trials and one larger trial (Liu 2006). 
Double insemination seems to be more effective for couples suffering from mild male subfer­
tility and when more dominant follicles are available. However, sufficient data for subgroup 
analysis for different types of subfertility were not available. Thus, it could not be concluded 
whether double insemination should only be performed for male subfertility or when ovarian 
hyperstimulation is done with clomiphene citrate (CC). To offer advice regarding clinical prac­
tice, further research is warranted to test external validity and to confirm the results of Liu 
and co-workers (Liu 2006). 
Many fertility trials lack good methodology, partially as a result of small treatment groups, diffi­
culties with blinding, different clinical protocols, and failure to express pregnancy outcomes or 
live births per couple. Adherence to the Consolidated Standards of Reporting Trials (CONSORT) 
guidelines (Moher 2001) would result in massive improvement. 
Research in the fertility field is also difficult because of the many possible confounding factors 
that introduce differences between studies and treatment groups. Important factors such as 
inclusion criteria, exclusion criteria, type of subfertility, duration of subfertility, and previous 
fertility treatment, which influence the chance of becoming pregnant, are often not mentioned 
in trial reports. 
Appropriate outcome measures also need to be used in trials. Pregnancy rate per cycle is 
reported in most published trials; however pregnancy rate per couple, ongoing pregnancy rate 
per couple, and live birth rate per couple would be more appropriate. Live birth should be the 
most important outcome because this represents the final goal of treatment. Apart from this, 
miscarriage rate and ectopic pregnancy rate should be reported to detect the effect caused 
by sperm of compromised quality. The cost-effectiveness of double IUI remains a matter of 
debate, which should be an important element in future randomized trials. 
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Abstract 
Objectives : 
Intrauterine insemination (IUI) should logically be performed around the moment of ovulation. 
Since spermatozoa and oocytes have only limited survival times correct timing is essential. 
As it is not known which technique of timing for IUI results in the best treatment outcome, 
we compared different techniques for timing IUI and different time intervals. The aim was 
to evaluate the effectiveness of different synchronization methods in natural and stimulated 
cycles for IUI in subfertile couples. 
Materials and Methods: 
We searched for all publications which described randomized controlled trials of  timing of 
IUI. We searched the Cochrane Menstrual Disorders and Subfertility Group Specialised Register, 
Cochrane Central Register of Controlled Trials (CENTRAL) (The Cochrane Library), ( 1 966 to 
March 2009), EMBASE (1 974 to March 2009) and Science Direct (1 966 to March 2009) electronic 
databases. The following interventions were evaluated: detection of luteinizing hormone (LH) 
in urine or blood, single test; human chorionic gonadotropin (hCG) administration; combination 
of LH detection and hCG administration; basal body temperature chart; ultrasound detection 
of ovulation; gonadotrophin-releasing hormone (GnRH) agonist administration; or other timing 
methods. The main outcome measures included live birth rates and pregnancy rates per couple. 
Results : 
Ten studies were included comparing urinary LH rise detection versus hCG injection; recombi­
nant hCG versus urinary hCG; and hCG versus a GnRH agonist. One study compared the optimum 
time interval from hCG injection to IUI. The results of these studies showed no significant 
differences between different timing methods for IUI expressed as live birth rates: hCG versus 
LH rise (odds ratio (OR) 1 .0, 95% Cl 0.06 to 1 8); urinary hCG versus recombinant hCG (OR 1 .2, 
95% Cl 0.68 to 2.0); and hCG versus GnRH agonist (OR 1 . 1 ,  95% Cl 0.42 to 3. 1 ). All secondary 
outcomes analyzed showed no significant difference between treatment groups either. 
Conclusion : 
There is no evidence to advise one particular treatment option over another. The choice should 
be based on hospital facilities, convenience for the patient, medical staff, costs and drop-out 
levels. Since different time intervals between hCG and IUI did not result in different pregnancy 
rates, a more flexible approach might be allowed. 
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Introduction 
The usual definition of subfertility is couples who wish to have a child but fail to conceive after 
12 months of regular unprotected intercourse. This is approximately 10% of couples who try to 
conceive (Beurskens 1995). Subfertility is considered to be unexplained when routine fertility 
evaluation does not show any abnormality. Couples with male subfertility have repeated semen 
analyses below the criteria for normal semen as defined by the World Health Organization 
(WHO) (WHO 1992). A normal quality semen sample was described as having: a sperm concen­
tration of 20 x 106 /ml, total motility 50%, normal morphology in 50%, and no sperm antibodies 
(WHO 1980). In 1992, the WHO changed its criteria for sperm morphology from 50% to 30% (WHO 
1992) and for recent trials we used the 1992 definition of normality. Trials before 1992 should 
have used the WHO criteria of 1980. When strict criteria for morphology were used, > 14% was 
considered normal (Kruger 1993). 
Couples with cervical hostility are diagnosed by a well-timed non-progressive postcoital test, 
defined as the absence of spermatozoa moving in a straight direction and at a functional speed. 
Finally, minimal to mild endometriosis is defined as grade I or II at diagnostic laparoscopy. 
In the majority of cases, the first treatment for subfertile couples consists of intrauterine 
insemination (IUI), which can be combined with mild ovarian hyperstimulation (MOH) (Cohlen 
2005, Goverde 2000). IUI should logically be performed as close to ovulation as possible. There 
are several options for timing IUI including luteinizing hormone (LH) testing, ultrasound scan­
ning, human chorionic gonadotrophin (hCG) injection, recombinant LH administration, gonad­
otrophin-releasing hormone (GnRH) agonist administration, and basal body temperatures (BBT) 
charts. 
LH levels in urine or blood are one of the most precise predictors of ovulation. According to 
the WHO, ovulation in natural cycles takes place from 24 to 56 hours after the onset of the 
LH rise, with a mean time of 32 hours (WHO 1980). In stimulated cycles, when the dominant 
follicle(s) reaches a certain mean diameter hCG is usually given to induce ovulation; which 
occurs approximately 36 to 40 hours after hCG injection (Andersen 1995). GnRH agonist can 
also be used for final oocyte maturation and ovulation. GnRH agonists induce an endogenous 
rise of LH and follicle-stimulating hormone (FSH), giving a more physiologic approach than with 
exogenous hCG. The use of GnRH agonists is less extensive because of the high costs (Diaz 2003, 
Egbase 2002). Less commonly used approaches are ultrasound timing alone, timing on the basis 
of BBT charts, and the use of recombinant human LH (Barratt 1989, Odem 1991, Pierson 2002). 
Each of these interventions is seeking to predict or synchronize ovulation, or both, in order to 
time the IUI perfectly and to achieve a pregnancy resulting in a healthy (singleton) live birth. 
As spermatozoa and oocytes survive for only a limited period of time, correct timing is essential 
(Mitwally 2004). 
This review investigates which approach for synchronization of ovulation results in the highest 
pregnancy and live birth rates for subfertile couples undergoing IUI. 
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Materials and methods 
Search strategy 
We searched for all publications which described (or might describe) randomized controlled 
trials of synchronization of ovulation with IUI in natural and stimulated cycles. We searched the 
Cochrane Menstrual Disorders and Subfertility Group Specialised Register of controlled trials 
and the Cochrane Central Register of Controlled Trials (CENTRAL), the electronic databases 
MEDLINE (1966 to March 2009), EMBASE (1974 to March 2009) and Science Direct (1966 to March 
2009). We checked the reference lists of all obtained studies for relevant articles, performed 
a hand search of abstracts of the American Society for Reproductive Medicine (1999 to March 
2009) and the European Society for Human Reproduction and Embryology (1997 to March 2009) 
meetings and searched in prospective trial registers for upcoming relevant RCTs. Researchers in 
the field were contacted and there was no language restriction . 
We searched the databases using the following medical subject headings (MESH-terms) and 
keywords: intrauterine; intra uterine; intra-uterine; insemination; inseminate; IUI; artificial 
insemination; Al; Artificial insemination husband; AIH; timing; hCG; human chorionic gonado­
tropin; human chorionic gonadotrophin; gonadotrophins; Pregnyl; Ovitrelle; Profasi; GnRH 
agonist; GnRH agonists; GnRH analogue; GnRH analogue; GnRH analogues; GnRHa; GnRHa­
gonadotropin; Luteinizing hormone; Luteinizing hormone releasing hormone; LH; LH rise; LH 
determination; LH rise; LH detection kit; urinary LH; basal body temp; BBT; hMG; ultrasonog­
raphy; ultrasound; timing of insemination; timing ovulation; timing of administration; subfer­
tile; subfertility; infertility; (randomized controlled trial [Publication Type], controlled clinical 
trial [Publication Type], randomized controlled trials, random allocation, double-blind method, 
single-blind method, clinical trial [Publication Type], clinical trials, (clinical AND trial*)). 
Identification of included trials 
Criteria for considering studies for this review were: (i) randomized controlled trials; (ii) interven­
tions involving different synchronization methods for ovulation in couples undergoing IUI, including 
1) LH detection in urine or blood, single test; 2) hCG administration; 3) a combination of LH 
detection and hCG administration; 4) the use of basal body temperature charts; 5) ultrasound 
detection of ovulation; 6) GnRH agonist administration; 7) other timing methods; (iii) subfertile 
couples undergoing IUI defined as couples who have tried to conceive for at least one year, 
where IU I is the first treatment option . Since the available evidence was scarce we decided to 
include studies where a proportion of the included women suffered from ovulatory disturbances 
as well; (iv) live birth rate per couple as primary outcome. Secondary outcomes were pregnancy 
rate per couple, optimal time interval from the hCG injection to IUI, multiple pregnancy rate, 
miscarriage rate, ectopic pregnancy rate and ovarian hyperstimulation syndrome (OHSS). Costs 
were also studied. 
Two review authors independently selected trials to be included according to the above 
mentioned criteria. Disagreements were resolved by consensus or through arbitration by a 
third reviewer. Using the search strategies mentioned above, 95 articles were found relating 
to the subject. Of these, 39 were directly excluded as their title and abstract very clearly did 
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not meet basic inclusion criteria. The remaining 56 articles were analyzed in detail. Ten studies 
were eligible for inclusion (Table I). 
Data extraction and analysis 
We performed statistical analyses in accordance with the guidelines for statistical analysis 
developed by The Cochrane Collaboration. Enough studies should have been included (at 
least two) to make meta-analysis possible. When trials performed adequate randomization 
and allocation, met the inclusion criteria and performed the same intervention we consid­
ered it appropriate to pool their results. For dichotomous data, we expressed results for each 
included study as odds ratios (OR) with 95% confidence intervals (Cl) and combined them in a 
meta-analysis with RevMan software (RevMan 5) using the Peto method, or the Mantel-Haenszel 
method when data were sparse. We combined continuous data in a meta-analysis using the 
weighted mean difference (WMD) with 95% Cl using a fixed-effect model. The primary analysis 
has been per couple. Studies that could not provide us with per couple data were included in 
the review but not in the meta-analysis, and described separately. We included both parallel 
group and cross-over trials in the analysis. For cross-over trials we used only the first cycle(s) 
before 'crossing over' when the data required was available. For missing data, we attempted 
to contact the investigators. We noted heterogeneity between the results of different studies 
by inspecting the scatter in the data points on the graphs and the overlap in their Cls. The 
heterogeneity was checked by the results of the 12 statistic for inconsistency. A value of greater 
than 50% was considered as substantial heterogeneity. In case of statistical heterogeneity, we 
used the random-effects model instead of the fixed-effect model. To detect publication bias we 
performed a funnel graph, plotting sample size versus effect size. This graph is only relevant 
when five or more studies are included. The graph is symmetrical when bias is absent. A priori, 
we planned to perform separate subgroup analyses if there were more than two studies in 
each subgroup, for trials which differed in subfertility causes ovarian stimulation protocols 
and frequency of LH monitoring. It was planned to perform sensitivity analyses (if there were 
more than four trials included in a meta-analysis) to examine stability regarding the direction 
of outcomes. 
Results 
Description and methodological quality of studies 
Ten studies were included and reviewed in detail (Table I). Nine compared different synchroni­
zation approaches and one compared the optimum time interval from the onset of hCG injec­
tion to IUI (Claman 2004). The study of Lewis 2006, both studies of Martinez 1 991 : and the study 
of Zreik 1 999 were used in a meta-analysis to compare the methods urinary LH rise detection 
versus hCG injection (264 women, 242 first cycle treatments). Two studies (Lorusso 2008, Sakhel 
2007) compared the use of recombinant hCG versus urinary hCG (409 women, 441 cycles) and 
three studies (Andres-Oros 2008, Scott 1 994, Shalev 1 995) compared the use of hCG versus a 
GnRH agonist for timing IUI ( 180 women, 460 cycles). The study of Claman 2004 was not used in 
a meta-analysis because only per cycle data were available (75 women, 1 89 cycles). All studies 
stated allocation with computer generated programs or random number tables. Concealment of 
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Table I. Details of randomized controlled trials included in the meta-analysis. 
study Andres-Oros (2008) Claman (2004) Lewis (2006) 
methods of randomization computer-generated list of random number table computer generated 
random numbers randomization 
allocation of concealment third party third party third party 
trial design parallel parallel parallel 
multicenter/Single center single center single center single center 
blinding not stated no no 
intention to treat not stated no yes 
power calculation no yes yes 
location of trial Zaragoza, Spain Ottawa, Canada New York, USA 
duration of trial not stated not stated not stated 
participants 1 20 women 75 women 1 50 women 
no of women 290 cycles 1 89 cycles 1 29 cycles 
no of cycles 
age of women (years) r-hCG: 32.2±2.5 short hCG-IUI interval: LH rise group : 33.5±3.9 
GnRHa: 32.3±2 .5  34.4±3.6  hCG group: 34.0±3.9 
long hCG-IUI interval: 
34.3±3.6 
type of subfertility male subfertility male subfertility male subfertility 
unexplained subfertility unexplained subfertility unexplained subfertility 
endometriosis stage I and I I  endometriosis stage I and I I  cervical factor 
unilateral tubal factor clomiphene resistant oligo- tubal/pelvic factor 
ovulation 
duration of subfertility > 2  not stated > 1 or three failed donor IUI 
(years) 
stimulation protocol rFSH 75 IU 100-225 IU FSH, 5 .000 IU  CC 100 mg from CD 5-9 
hCG IM or 1 0.000 IU hCG 
subcutaneous 
timing of insemination IU I  36 hours after hCG or short hCG-IUI interval: 32-34 LH rise group: home 
GnRHa injection hours after hCG monitoring u-LH and IU I  
long hCG-IUI interval: 38-40 morning after positive test 
hours after hCG hCG group: 1 0.000 IU hCG 
and IUI 33-42 hours later 
type of semen not stated not stated husbands semen and donor 
semen 
semen preparation swim-up technique two-layer density gradient not stated 
technique 
volume of injected semen not stated 0.35 ml/lUI not stated 
insemination catheter Gynetics catheter Tomcat catheter not stated 
primary outcome PR/couple PR/cycle PR/couple 
secondary outcome miscarriage none multiple pregnancy 
multiple pregnancy miscarriage 
costs 
rhCG= recombinant human chorionic gonadotrophins, GnRHa= Gonadotrophin releasing hormone agomst, IUI I= intrauterine 
insemination, LH= luteinizing hormone, IM= intramuscular, IU= international units, rFSH= recombinant fol11cle stimulating 
hormone, CC= clomiphene citrate, hMG� human menopausal gonadotrophins, u-LH= urinary LH, PR= pregnancy rate, LBR= 
live birth rate, OHSS= ovarian hyperstimulation syndrome 
Lorusso (2008) Martinez (1991a) 
computer generated table computer-generated random 
number table 
sealed opaque envelopes sealed opaque envelopes 
parallel cross-over 
single center single center 
unclear not stated 
not stated not stated 
yes not stated 
Bari, Italy Amsterdam, The Netherlands 
27 months 11 months 
125 women 12 women 
184 cycles 12 cycles 
r-hCG: 33±3.6 for the total group: 33±2. 9 
u-hCG: 32±4.4 
male subfertility male subfertility unexplained 
unexplained subfertility mild subfertility 
endometriosis 
r-hCG: 4±1.7 for the total group: 6.3±2.8 
u-hCG: 3±2.4 
37.5 IU  rFSH from CD 2-3 75-150 IU hMG 
for 5 days 
24 and 48 hours hCG LH rise group: u-LH detection 
administration kit two times a day, IUI 16-28 
hours after positive test 
hCG group: 10.000 IU hCG 
and IUI 36-40 hours later 
husbands semen husbands semen 
not stated two-layer density gradient 
not stated 0.2 ml/lUI 
not stated Makler device 
PR/couple LBR/cycle 
multiple pregnancy PR/couple 
miscarriage rate 
Martinez (1991b) 
random number table 














for the total group: 5.6±2.6 
100 mg CC from CD 3-7 
LH group: home monitoring 
and IUI 21-24 hours after 
positive test 
hCG group: 10.000 IU hCG 
and IUI 37-40 hours later 
husbands semen 

























r-hCG: 2.3±1 .5 
u-hCG: 3 .0±2.3 
75-150 IU FSH and GnRH 
antagonist 
IU I :  42 hours after hCG 
husbands semen 











Table I. Details of randomized controlled trials included in the meta-analysis. 
study Scott (1994) Shalev (1 995) 
methods of randomization random number table randomization by self-made 
computer program 
allocation of concealment sealed opaque envelopes third party 
trial design cross-over parallel 
multicenter/Single center single center single center 
blinding single blinding yes 
intention to treat not stated no 
power calculation no yes, for reduction OHSS 
--- ·-• -
location of trial Lackland, Texas Afula, Israel 
duration of trial not stated not stated 
participants 30 women 48 women 
no of women 30 cycles 140 cycles 
no of cycles 
age of women (years) for total group 32.2±1.0 hCG: 30.4 
GnRHa: 29.2 
type of subfertility male subfertility unexplained subfertility 
unexplained subfertility anovulation 
oligo-ovulation 
duration of subfertility > 1 > 1 
(years) 
stimulation protocol 100 mg CC from CD 5-9 individualized regime of hMG 
from CD 5 
timing of insemination I U I :  40 hours after hCG or IU I :  24 and 48 hours after 
GnRHa hCG or GnRHa 
type of semen not stated husbands semen 
semen preparation not stated Percell gradient 
technique 
volume of injected semen not stated 0.3-0.5 ml/ lUI  
insemination catheter not stated Tefcat catheter 
primary outcome LBR/couple PR/couple 



















hCG: 32 (range 24-41 ) 




hCG: 2 .8  (range 1-8) 
LH rise: 3.2 (range 1-10) 
50-100 mg CC from CD 3-7 
LH group: home monitoring 
and IUI next two days after 
positive test 
hCG group: 10.000 IU hCG IU I  







OHSS= ovarian hyperstimulation syndrome, hCG = human chorionic gonadotrophins, GnRHa= Gonadotrophin releasing 
hormone agonist, LH= luteinizing hormone, CC= clomiphene citrate, CD = cycle day, hMG= human menopausal 
gonadotrophins, IUI= intrauterine insemination, IU= international units, LBR= live birth rate, PR pregnancy rate. 
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allocation was done by sealed opaque envelopes or a third party. In three studies (Lewis 2006, 
Scott 1994, Shalev 1995) blinding was performed. In the study of Lewis and co-workers the 
treatment group assignment was not known to the patient or treating physician until informed 
consent was obtained and the baseline ultrasound was performed. Scott and co-workers used 
blinding of the sonographer to minimize the risk of observer bias in determining if ovulation had 
taken place after injection of hCG or GnRHa. None of the trials had details on blinded analysis 
of the results. Five studies (Claman 2004, Lewis 2006, Martinez 1991a, Martinez 1991b, Zreik 
1999) reported information on drop outs and from three studies this information was received 
(Andres-Oros 2008, Sakhel 2007, Shalev 1995). The number of drop outs varied from 0% to 
3 1%. Claman and co-workers stated that the most important reasons for dropping out were a 
spontaneous LH rise or an inadequate follicular response. Lewis and co-workers noted failure 
to detect an LH rise in 23% of the participants in the LH group. In the hCG group 5. 3% of the 
participants dropped out due to personal reasons, especially because of time commitment. 
Four trials (Martinez 1991a, Sakhel 2007, Scott 1994, Shalev 1995) reported live birth rates. All 
but one trial (Claman 2004) assessed pregnancy rate per couple. Multiple pregnancy rates and 
miscarriage rates were stated in eight publications (Andres-Oros 2008, Lorusso 2008, Martinez 
1991a, Martinez 1991b, Sakhel 2007, Scott 1994, Shalev 1995, Lewis 2006). The ovarian hyper­
stimulation syndrome (OHSS) rate was stated in four studies (Lorusso 2008, Martinez 1991 a, 
Sakhel 2007, Shalev 1995) and ectopic pregnancy rate was stated in one publication (Sakhel 
2007) . One of the studies assessed the costs of the treatment (Lewis 2006). The cost per preg­
nancy in the LH group was estimated to be USD 3695 and the cost per pregnancy in the hCG 
group was USD 4830. 
Data analyses 
Table II expresses the results for primary and secondary outcomes for data, which were avail­
able from the trials. Trials have been combined for pregnancy rate per couple, multiple preg­
nancy rate per couple, miscarriage rate per couple, OHSS rate and ectopic pregnancy rate per 
couple. 
The summary statistics revealed no evidence of a significant difference in live birth rates 
between different approaches for synchronizing ovulation with IUI: hCG versus LH rise detec­
tion (OR 1.0, 95% Cl 0. 06 to 18; 24 women, one trial); u-hCG versus r-hCG (OR 1.2, 95% Cl 0 .68 
to 2.0; 284 women, one trial);  and hCG versus GnRHa (OR 1. 1, 95% Cl 0.42 to 3 . 1; 78 women, 
two trials) .  The results in pregnancy rate per couple did not reveal a significant difference 
between different approaches of synchronizing ovulation with IUI either: hCG versus LH rise 
(OR 1. 3, 95% Cl 0.72 to 2. 5; 275 women, four trials) (Figure I);  u-hCG versus r-hCG OR 1.0, 95% 
Cl 0.65-1.6, 409 women :  two trials) (Figure II); hCG versus GnRHa (OR 1. 3, 95% Cl 0.68 to 2.4; 
180 women, three trials) .  There was no statistically significant difference in multiple pregnancy 
rates between different approaches for synchronizing ovulation with IUI .  The meta-analysis of 
the results of miscarriage rate, OHSS rate and ectopic pregnancy rate revealed no statistically 
significant difference between different approaches of synchronizing ovulation either. A sensi­
tivity analysis and subgroup analysis were not performed. 
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Table I I .  Results of primary and secondary outcomes 
hCG versus LH rise hCG n/N LH rise n/N Odds ratio 95% Cl 
Live birth rates per couple 
Martinez 1 99 1 a  1 /12 1 /12 1 .0 0.06-1 8  
Total 1 /12 1 /12 1.0 0.06-1 8  
Pregnancy rates per couple 
Lewis 2006 23/75 17/75 1.5 0.73-3.1 
Martinez 1991a  1 /12 1/ 12  1 .0  0.06-18 
Martinez 1991b  4/24 5/24 0.76 0.18-3.3 
Zreik 1 999 2/28 1 /25 1 . 9 0.16-22 
Total 30/139 24/ 1 36 1 .3 0.72-2.5 
Multiple pregnancy rate 
Lewis 2006 3/23 2/17  1.1 0 .17-7.6 
Martinez 1 99 1 a  0/1 0/1 0.0 0.0-0.0 
Total 3/24 2 /18 1 .1 0.17-7.6 
uhCG versus rhCG uhCG n/N rhCG n/N Odds ratio 95% Cl 
Live birth rates per couple 
Sakhel 2007 36/144 3 1 /140 1 .2 0.68-2.0 
Total 36/144 31/140 1 .2 0.68-2.0 
Pregnancy rates per couple 
Lorusso 2008 14/61 16/64 0.89 0.39-2.0 
Sakhel 2007 41/144 38/140 1.1 0.64-1.8 
Total 55/205 54/204 1.0 0.65-1.6 
Multiple pregnancy rate 
Lorusso 2008 0/14 0/16 0.0 0.0-0.0 
Sakhel 2007 15/41 14/38 0.99 0.4-2.5 
Total 15/55 14/54 1 . 1  0.4-2.5 
Miscarriage rate 
Lorusso 2008 1/14 1 /16 1 .2 0.07-20 
Sakhel 2007 2/41 4/38 0.44 0.08-2.5 
Total 3/55 5/54 0.57 0.13-2.5 
----
hCG versus GnRHa hCG n/N GnRHa n/N Odds ratio 95% Cl 
Live birth rates per couple 
Scott 1 994 1 /15 3/15  0.29 0.03-3 . 1  
Shalev 1 995 12/24 9/24 1 .7  0.53-5.3 
Total 13/39 12/39 1.1 0.42-3.1 
Pregnancy rates per couple 
Andres Oros 2008 21 /60 15/42 0.97 0.42-2.2 
Scott 1 994 1 / 15  3/15 0.29 0.03-3.1 
Shalev 1 995 18/24 11/24 3.6 1.0-12 
Total 40/99 29/81 1 .3 0.68-2.4 
Multiple pregnancy rate 
Andres Oros 2008 0/21 1 /15 0.22 0.01-5.9 
Scott 1 994 0/1 0/3 0.0 0.0-0.0 
Shalev 1 995 0/18 2 /11 0.10 0.0-2.4 
Total 0/40 3 /29 0.1 5  0.02-1 .4 
Miscarriage rate 
Andres Oros 2008 3/21 1 /15 2 . 3  0.22-25 
Scott 1 994 0/1 0/3 0.0 0.0-0.0 
Shalev 1 99 5  2/11 6/18  0.44 0.07-2.7 
Total 5/33 7/36 0.84 0.22-3.2 
hCG = human chorionic gonadotrophins, LH= luteinizing hormone, Cl = confidence interval, uhCG= urinary human chorionic 
gonadotrophins, rhCG= recombinant human chorionic gonadotrophins, GnRHa= gonadotrophin releasing hormone agonist 
Fi,mre 1 .  
Study 
Lewis 2006 
Martinez 1 991 a 
Martinez 1 991 b 
Zreik 1 999 





Total (95% Cl) 
Discussion 
hCG LH surge 
n/N n/N 
23/75 1 7/75 
1 /1 2  1/12 
4/24 5/24 
2/28 1 /25 
30/1 39 24/1 36 
.1 .2 
Favours LH surge 
u-hCG r-hCG 
n/N n/N 
14/61 1 6/64 
41/144 38/140 
55/205 54/204 
. 1  
Favours r-hCG 
.2 
Synchronized approach for IUI 
OR (fixed) OR (95% Cl fixed) 
-KJ- 1 .5 (0.73 to 3.1 ) 
1 .0 (0.06 to 1 8) 
0.76 (0.18 to 3.3) 
:::: 1 .9 (0. 16  to 22) 
1 .3 (0.72 to 2.5) 
.5 2 5 1 0  
Favours hCG 
OR (fixed) OR (95% Cl fixed) 
0.89 (0.39 to 2.0) 
1 .1 (0.64 to 1 .8) 
1 .0 (0.65 to 1 .6) 
.5 2 5 1 0  
Favours u-hCG 
The aim of this review was to investigate the optimal synchronization of ovulation with IUI in 
subfertile couples undergoing natural and stimulated cycles with regard to live birth rates. 
The trials in this review revealed that not one of the available methods is superior to another. 
However, the available evidence is scarce. 
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hCG injection versus LH rise detection 
The drop-out rate in the LH rise group was much higher compared to the hCG group (due to 
no detection of an LH rise in 23% of the cycles) but there was no significant difference in live 
birth and pregnancy rates between these treatment groups (Lewis 2006). No detection of LH 
rises in urine samples has been reported before, due to a short LH rise, LH peak values below 
limit of detection or incorrect use of the intervention by the patient resulting in inaccurate 
timing and significantly lower pregnancy rates (Arici 1 992, Lewis 2006, Miller and Soules 1 996). 
When counselling patients the advantages of home ovulation predictor tests (no difference in 
pregnancy outcomes compared to hCG injection, convenience and low costs) and disadvantages 
(high false-negative results) should be considered in relationship to, on the other hand, the 
advantages (low false-negative results) and disadvantages (expensive and time consuming) of 
ultrasound detection combined with hCG injection (Robinson 1 992). No data on the occurrence 
of premature LH rises in the hCG group have been reported in the pooled studies. This might 
negatively influence the treatment outcome in the hCG group, resulting in lower pregnancy 
rates and no perceptible difference between timing with LH rise detection and hCG injection 
(Cantineau 2007). A combination of LH rise and hCG administration may minimize the limita­
tions mentioned above (Fuh 1 997, Kosmas 2006). 
Urinary hCG (u-hCG) versus recombinant hCG (r-hCG) 
No evidence of a statistically significant difference in pregnancy rates was found between 
u-hCG and r-hCG. Other reasons such as costs, injection site reaction, the risk of disease trans­
mission and batch-to-batch inconsistencies should be considered in deciding which to use. 
Short (32  to 34 hours) versus long interva l  (38 to 40 hours) 
Retrospective information suggests a broad time interval, from 36 to 48 hours, without any 
advantage of an early or late hCG-to-lUl-interval. Prospective evidence comparing different 
hCG to IUI intervals after ovarian stimulation is scarce and only reported as pregnancy rate per 
cycle. This evidence suggests a more flexible approach in timing IUI after hCG, which allows 
women to inject hCG in the early evening when pharmacies are still open, in case of problems 
(Claman 2004). 
hCG versus GnRH agonist (GnRHa) 
No statistically significant difference was found, when analyzing live birth rates and pregnancy 
rates, between the timing methods using hCG and GnRHa. More evidence is needed to deter­
mine the place of GnRHa as the timing method with IUI, also considering costs and secondary 
outcomes such as OHSS rate. 
Conclusion 
There is no evidence of a significant difference in live birth rates and pregnancy rates when 
comparing hCG injection with LH rise detection in cycles with MOH combined with IUI. This is 
the same for the comparison of u-hCG versus r-hCG, short versus longer time interval between 
hCG and IUI and hCG versus GnRHa for timing the insemination. The group sizes were too small 
Synchronized approach for IUI 
to detect significant differences and thus to advise on one particular treatment over another 
based on this review. The choice should be based on hospital facilities, convenience for the 
patient, medical staff, costs and drop-out levels. Since different time intervals between hCG 
and IUI did not result in different pregnancy rates a more flexible approach may be allowed. 
Large prospective multicenter trials with adequate concealment of allocation comparing ultra­
sound monitoring combined with hCG injection and LH rise detection in urinary samples should 
be performed with special attention to costs and convenience of the treatments as well as 
premature LH rises in cycles with hCG. Large prospective multicenter trials, with adequate 
concealment of allocation, comparing different time intervals between hCG and IUI or LH rise 
and IUI should be performed, with special attention to convenience. Data should be adequately 
reported as live birth rates per couple or at least as ongoing pregnancy rates per couple. 
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The prevalence and influence of LH rises in  
stimulated cycles combined with IU I  duri ng a 
prospective cohort study. 
This chapter is an edited version (by permission of Elsevier) of the manuscript: 
AEP Cantineau, BJ Cohlen; Dutch IUI study group 
The prevalence and influence of luteinizing hormone surges in stimulated cycles 
combined with intrauterine insemination during a prospective cohort study. 
FertU SterH. 2007 Jul;88(1): 107- 12. 
Abstract 
Objectives: 
To reveal the prevalence of premature LH rises in an IUI program. Furthermore, to investigate 
whether these LH rises influence treatment outcome and whether the prevalence of LH rises 
differs between cycles stimulated with clomiphene citrate (CC) and cycles stimulated with 
recombinant follicle-stimulating hormone (rFSH). 
Materials and methods: 
In  this prospective cohort study 66 subfertile couples undergoing ovarian hyperstimulation 
combined with IUI were randomized through a central blocked computer system, either to 
receive CC (33 couples) or rFSH (33 couples), both combined with IUI . Blood for LH determina­
tion was withdrawn on the day of human chorionic gonadotrophin (hCG) administration. 
Results: 
In  a total of 153 cycles, LH was measured. In 36% of these cycles, LH rises were detected. The 
results showed that in 42% of the rFSH-stimulated cycles an LH rise was detected, compared 
with 30% in the cycles with CC (odds ratio (OR) 1. 7, 95% confidence interval (Cl) 0. 9 to 3. 3). 
T here was a non significant trend showing higher pregnancy rates in cycles without an LH rise 
(OR 2. 7, 95% Cl 0.6 to 13). 
Conclusion: 
Premature LH rises occur frequently, and they may influence treatment outcome negatively. 
Strategies to improve treatment outcome may focus on preventing premature LH rises. 
Prevalence of LH rises in an IU I  program 
Introduction 
When using ovarian stimulation protocols combined with intrauterine insemination (IUI) in 
treating subfertile couples, the final goal is a pregnancy ending in a live birth. To achieve 
this goal, ideally two to three dominant follicles should be achieved with mild ovarian hyper­
stimulation (MOH), followed by a perfectly timed single insemination (Balasch 1 994, Cantineau 
2003). However, various confounding factors might influence the outcome of artificial insemina­
tion. These include, among others, couples' characteristics (type of subfertility, womens age, 
semen quality), ovarian stimulation protocol, timing of insemination, and premature luteiniza­
tion (Costello 2004, Cunha-Filho 2003). The influence of some of these factors still remains to 
be defined. 
Premature LH rises may also influence timing and therefore treatment outcome of IUI in cycles 
with MOH. An endogenous LH increase, which occurred approximately in 50% of the cycles in 
couples stimulated within the framework of IVF (Urbancsek 1 990), has been shown to occur also 
within IUI programs (Cunha-Filho 2003, Cohlen 1 998, Gomez-Palomares 2005). 
A randomized study by Cohlen and co-workers using gonadotrophins reported endogenous LH 
rises in 24% of the stimulated cycles (Cohlen 1 998). Thus, premature LH rises occur frequently 
in stimulated cycles. However, in most IUI programs LH levels are not determined at all and 
physicians might be unaware of the occurrence of LH rises and their influence on treatment 
outcome. Until now, no prospective IUI study has been published that investigated the occur­
rence and influence of premature LH rises, as far as we know. The goal of this study was three­
fold: first, we wanted to investigate the prevalence of premature LH rises in an IUI program. 
Second, we wanted to investigate whether these LH rises influence treatment outcome when 
physicians are blinded to the results, and third, we wanted to investigate whether the occur­
rence of LH rises differs between cycles stimulated with clomiphene citrate (CC) and cycles 
stimulated with recombinant follicle-stimulating hormone (rFSH), which has never been inves­
tigated prospectively before. 
Materials and methods 
As part of a larger randomized multicenter IUI trial comparing the efficacy of two different 
stimulation protocols, we performed a single-center prospective cohort study to investigate 
the prevalence of LH rises in couples undergoing IUI in stimulated cycles. None of the other 
participating centers determined LH levels when hCG was administered, and the subject of this 
study therefore was no part of the large multicenter trial. 
Being unaware of the prevalence of LH rises in rFSH-stimulated cycles compared with CC-stimu­
lated cycles, let alone their influence on treatment outcome, a power calculation could not be 
performed beforehand. It was chosen therefore to perform a prospective pilot study. 
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A total of 66 subfertile couples with male factor or unexplained subfertility were included. All 
couples underwent a basic fertility workup consisting of a basal body temperature chart, early 
follicular FSH levels, ovulation detection with ultrasound, semen analysis, midluteal proges­
terone (P) levels, prolactine levels, thyroid hormone levels, Chlamydia antibody titer (CAT), 
postcoital testing (PCT), and hysterosalpingography (HSG) or diagnostic laparoscopy (DLS) to 
exclude tubal pathology. 
Couples were asked to participate in this study when suffering from either male factor or unex­
plained primary subfertility for at least 2 years as defined by the World Health Organization 
(WHO 1992). Semen criteria for normality were defined as sperm count above 20 x 106/ml, type 
A motility >25% or type A +  type B motility >50% and normal morphology > 30%. Couples classified 
as having unexplained subfertility had a normal fertility workup. Exclusion criteria were defined 
as described in Table I .  The study was approved by the institutional review board. 
Table I .  Exclusion criteria 
Secondary subfertility 
Subfertility of less than 2 years 
Age of woman above 38 years 
Tubal problems detected with HSG• or diagnostic laparoscopy 
Cycle disorders 
Fertility treatment in the past 
Persistent ovarian cysts 
• Hysterosalpingography 
Couples were randomized through a central blocked computer system outside the participating 
clinics using random number tables with blinded allocation, either to receive CC or rFSH each 
for four consecutive cycles according to a parallel design. The CC was given from cycle day 3 
to 7 starting with 100 mg/ day orally. When monofollicular growth was achieved, the daily dose 
of CC was increased, with 50 mg during the next cycle. The rFSH was applied subcutaneously 
from cycle day 3 onward in a low-dose step-up protocol starting with 75 IU rFSH per day. When 
monofollicular growth was achieved, the patient received 37. 5 IU additionally in the next cycle, 
until multifollicular growth was achieved. From cycle day 10 onward, ovarian stimulation was 
monitored regularly with a transvaginal ultrasound scan to determine the number and mean 
diameter of developing follicles. When the leading follicle(s) had reached a size of 2:18 mm, 
ovulation was triggered using 5.000 IU hCG. 
To minimize the adverse effects of ovarian stimulation, hCG was withheld if more than three 
follicles with a mean diameter of 15 mm or more were detected, or more than five follicles 
with a mean diameter larger than 10 mm. A single IUI with prepared semen was performed 38 
hours after hCG administration. A gradient technique with sperm separation medium (Pure 
Sperm, NidaCon International AB, Goteborg, Sweden) was used for semen preparation, and 0 .5  
ml sperm suspension was placed in the uterine cavity using an IUI catheter. 
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Blood for LH determination was withdrawn on the day of hCG administration before it was 
injected, unless this occurred during the weekend. An LH rise was considered when serum LH 
levels were > 10 IU/L (COBAS, ELECSYS, ENZYMUM-test, Roche Diagnostics GmbH, Mannheim, 
Germany, interassay variability <5.2%) .  Results of LH determinations were blinded until patients 
finished their final treatment cycle, which made adjustment of timing of insemination impos­
sible. No luteal support was applied. 
A biochemical pregnancy was defined as a positive hCG test result in urine. A clinical pregnancy 
was confirmed with a transvaginal ultrasound detecting an embryo with cardiac activity at 
approximately 7 weeks of pregnancy. At 12 weeks gestation, a second ultrasound was performed 
to confirm an ongoing pregnancy. 
Main outcome measures were premature LH rises, pregnancy rate per cycle, and pregnancy rate 
per couple. Multiple pregnancies, miscarriage rate, ovarian hyperstimulation syndrome and 
number of follicles � 18 mm on the day of hCG were all counted. 
Statistical comparisons were performed using the Student's t-test when appropriate. Cox 
proportional hazards regression analysis was used to correct for the effect of dependent cycles 
(SPSS version 12.0 software, SPSS, Inc.,  Chicago, IL) .  Meta-analyses were performed using the 
software RevMan 4. 1 for Windows (Cochrane Collaboration, 2000, Oxford, England).  Signifi­
cance was defined as P< .05. 
Results 
After randomizing 66 couples with male factor or unexplained subfertility, 33 received CC 
(unexplained n = 11, male factor n = 22) and 33 received rFSH (unexplained n = 12, male factor 
n = 21 ). The baseline characteristics, including age of participants (mean 31.8  years) and dura­
tion of subfertility (mean 3. 1 years), were comparable for all subgroups. 
In total, 210 cycles were completed and LH was measured in 153 cycles (CC group 76, rFSH 
group 77) . The most obvious reason for not measuring LH levels was hCG injection during week­
ends when laboratory services were not available. This nondifferential misclassification might 
have led to measurement bias, which is, however, the least important form of bias. 
Altogether nine patients (CC n =5, rFSH n =4) dropped out before completing four cycles, three 
patients (CC n=2, rFSH n=2) became pregnant after randomization but before starting the 
first treatment cycle, one patient became pregnant during a no-treatment cycle (rFSH), three 
patients dropped out for personal reasons, and two patients dropped out for other reasons 
(poor semen quality and insufficient endometrial response) .  Sixteen cycles were cancelled to 
prevent multiple pregnancies (CC n =8, rFSH n =8) .  Two cycles were cancelled because ovula­
tion had already occurred (both rFSH cycles), and one cycle was cancelled because CC was used 
for 6 days instead of 5 days. 
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In total, 20 pregnancies occurred during this cohort study. Unfortunately, for five pregnancies 
the LH levels on the day of hCG were not available. 
The results per treatment group are summarized in Table I I .  In more than one third of the cycles 
an LH rise was detected. Pregnancy rates per cycle were stated for the group in which LH was 
measured. Pregnancy rates in cycles with CC and in cycles with FSH were similar (9.5%). A 
non-significant tendency was observed for LH rises to occur more frequently during rFSH cycles 
compared with CC cycles (42% vs. 30%) (odds ratio (OR) 1 . 67 ,  95% confidence interval (Cl) 0.86 
to 3.25). 
TABLE II. Results 
Total Group (n=66) CC group (n=33) FSH Group (n=33) 
Total no. completed treatment cycles 21 0 1 05 1 05 
Pregnancies 
Total 20 (9.5%) 10 (9.5%) 10 (9.5%) 
Spontaneous 4 (1 .9%) 2 (1 .9%) 2 (1 .9%) 
Ongoing 4 2 2 
Miscarriage 0 0 0 
Treatment dependent 16 (7.6%) 8 (7.6%) 8 (7.6%) 
Ongoing 1 2  6 (5.7%) 6 (5.7%) 
Miscarriage 4 2 (1 .9%) 2 ( 1 .9%) 
No. cycles with LH measurements 1 53 76 77 
No. pregnancies/cycles with an LH rise 2/55 (3.6%) 1 /23 (4.3%) 1 /32 (3 . 1%) 
No. pregnancies/cycles without an LH rise 9/98 (9.2%) 4/53 (7.5%) 5/45 (1 1 . 1%) 
No. pregnancies/cycles with no LH determination 5/57 (8.8%) 3/29 (10.3%) 2/28 (7. 1%) 
CC= clomiphene citrate, FSH= follicle stimulating hormone, no= number, LH= luteinizing hormone. 
Pregnancy rates per couple were comparable between male subfertility and unexplained 
subfertility (28% vs. 35%, respectively). 
When comparing pregnancy rates between cycles with and without LH rises, the results show a 
non-significant trend in favor of cycles without an LH rise (9.2% vs. 3.6%, OR 2.7, 95% Cl 0.6 to 
13). Using the observed difference in pregnancy rates, the study would have needed to contain 
600 treatment cycles to reach statistical significance. Comparing pregnancy rates between the 
group of women without any LH rise in all of her cycles and the group of women with one or 
more LH rises showed lower pregnancy rates in the latter group without reaching statistical 
significance (OR 0.5, 95% Cl 0 .04 to 1.7). Furthermore, our analysis showed that women with 
a premature LH rise have a slightly higher chance (OR 1. 1 ,  95% Cl 0. 98 to 1.2) of developing 
a premature LH rise in the following cycles, but at the same time this implies that an LH rise 
remains a poor predictor for the occurrence of LH rises in the following cycles. 
Comparing. means of possible confounding factors that might influence the observed difference 
in pregnancy rates in cycles with and without an LH rise showed no statistically significant 
differences; semen quality after workup was lower in cycles without LH rises (8.6 ± 9. 9 vs. 
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10.3 ± 12.0, P 0 .37) but the average number of follicles was higher in the same group (1.78 
± 1.0 vs. 1.68 ± 1.2, P 0.62). A logistic regression did not show that one of the sperm param­
eters (volume, concentration, or motility) was predictive of pregnancy. The patient's baseline 
characteristics per group were not available because results were expressed per cycle. There 
was one twin pregnancy in the FSH group and none in the CC group. There were no high-order 
multiples. Four pregnancies ended in a spontaneous abortion (two in each ovarian stimulation 
group), and none of the patients developed ovarian hyperstimulation syndrome. 
Discussion 
IUI combined with MOH is the first treatment option for mild male factor and unexplained 
subfertility (Cohlen 1998, Yavas and Selub 2004). Compared with IUI in natural cycles or ovarian 
stimulation combined with timed intercourse, IUI in cycles with MOH seems to improve treat­
ment outcome significantly for these types of subfertility (Cohlen 2005, Hughes 1997, Guzick 
1999, Goverde 2000). Others, however, are convinced that MOH adds to the costs and increases 
the risk of multiple pregnancies without a significant improvement in pregnancy rates (Fauser 
2005). 
Alternative assisted reproductive treatments such as IVF or intracytoplasmatic sperm injection 
(ICSI) are far more invasive and expensive compared with IUI with ovarian stimulation, but seem 
to be more effective on a per-cycle basis. However, at the end of a programmed treatment, IUI 
results in higher cumulative pregnancy rates as a result of lower dropout rates (Goverde 2000). 
To further improve pregnancy rates of IUI without increasing the risk of morbidity, various 
factors that might influence the outcome of artificial insemination negatively should be opti­
mized or prevented. Among others, these factors include timing and the occurrence of prema­
ture LH rises. 
There is still an ongoing discussion about optimal timing of insemination. In natural cycles, the 
insemination is mostly timed using LH determination in urine or blood. In stimulated cycles, 
however, hCG is more often applied to time insemination 36 to 42 hours later. In these stimu­
lated cycles, LH is often not measured and physicians are therefore unaware of premature LH 
rises that intervene with adequate timing. When an LH rise occurs, spontaneous ovulation will 
take place within 24 hours and not 36 to 42 hours later (Martinez 1991 ). In other words, the 
unawareness of LH rises might result in inseminations that are performed too late. 
But do these premature LH rises occur frequently? This prospective cohort study clearly showed 
a high prevalence of LH rises of 36% in stimulated IUI cycles. Previous studies that measured 
LH levels in blood (Cohlen 1998, Cunha-Filho 2003) reported a prevalence varying from 24% 
to 49%. Regarding the influence of these LH rises on treatment outcome, our study found a 
non-significant trend in favor of cycles without an LH rise (9.2% vs. 3.6%). Significance was not 
reached, probably because of a lack of power. An additional trial would need 300 cycles in each 
group to reach sufficient power. Alternatively, a meta-analysis can be performed. Therefore, 
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we searched for randomized controlled trials using databases of Medline and Embase. One 
prospective study (Cohlen 1 998) only was found in which LH levels were measured in blood and 
results were expressed separately for cycles with or without LH rises. Pooling these results with 
our study shows a statistically significant difference in favor of cycles without a premature LH 
rise (OR 3. 1 ,  95% Cl 1 .04 to 9. 1 ). Although clinical heterogeneity exists, the studies are statisti­
cally homogenous. We should, however, take into account that this meta-analysis was based 
on approximately 300 cycles, which is still a small number, although this is the best available 
evidence until now. 
Our results showed a non-significant tendency for LH rises to occur more frequently in the group 
treated with rFSH (42%) compared with the CC group (30%), which might be explained by the 
rapidly increasing estrogen levels attained during the growth of multiple follicles in the rFSH 
group, whereas the occurrence of an LH rise in the CC group may indicate a healthy hypothal­
amopituitary axis (Mitwally 2004). 
Because premature LH increase tends to influence treatment outcomes negatively, it might be 
useful to suppress this endogenous LH increase by administering a GnRH antagonist. Another 
strategy is to adjust timing of IUI when an LH rise is detected in urine or blood, or to apply 
hCG before the dominant follicle reaches the size of 1 8  mm or more, which makes it less likely 
that the LH rise already occurred. The difficulty with applying hCG before the dominant follicle 
reaches 1 8  mm is that more immature follicles will be present, which are probably less likely 
to result in a pregnancy (Cohlen 1 998). 
To be able to adjust the timing of IUI once a premature LH increase is detected, one should 
measure LH levels once or twice daily in urine or blood. The accuracy of the urinary LH test 
has been questioned because false-negative results can occur when peak levels are <40 IU/L, 
when women have rises of < 1 0  hours in duration, or when diluted urine is tested (Zreik 1 998). 
The study by Lloyd and co-workers showed that when LH kits alone were used to time IUI, 36% 
of inseminations were timed incorrectly and 1 5% of women had already ovulated (Loydd and 
Coulman 1 989). 
The LH determination in blood is more accurate but will increase the costs. Furthermore, the 
study by Cohlen and co-workers did adjust the timing of IUI once an LH increase in blood was 
detected, but pregnancy rates were still considerably lower in these cycles compared with 
cycles without an LH rise (Cohlen 1 998). 
The use of GnRH antagonists in an IUI program has been described before, and allows ovulation 
to be postponed because the antagonist will suppress gonadotrophin release and thus block the 
possibility of premature LH rises (Gomez-Palomares 2005, Albano 1 997, Olivennes 1998, Borm 
2000, Lambalk 2006, Ragni 2001 , Williams 2004). When pooling the results of small randomized 
controlled trials found using databases of Medline, Embase and CENTRAL, it was shown that 
there has been until now no evidence of benefit in the addition of a GnRH antagonist compared 
with gonadotrophins alone (OR 1 .6, 95% Cl 0.86 to 2.8). This might be because of a lack of 
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power, and larger multicenter randomized controlled trials are mandatory to draw final conclu­
sions. Ideally, the GnRH antagonist should be administered only when LH increase is suspected. 
Because we showed that a premature LH rise is a poor predictor of the occurrence of a next LH 
rise, no selection can be made beforehand to select those women who would benefit from the 
administration of a GnRH antagonist. Cunha-Filho and co-workers reported that the prevalence 
of premature luteinization was not associated with variables such as age, the dosage of ovarian 
stimulation drugs, E2 levels, the number of follicles, or the size of follicles (Cunha-Filho 2004). 
Therefore, if we want to administer GnRH antagonists to improve treatment outcome, it should 
be done in all patients during all cycles. 
Results of two RCTs showed that the mean number of ampoules of GnRH antagonist used per 
cycle was three (Lambalk 2006, Ragni 2001 ). We calculated the extra costs per cycle using 
a GnRH antagonist for 3 days to be US$173.43. Cost effectiveness can be calculated if we 
combine this with the reported costs per live birth after ovarian hyperstimulation and IUI 
by Goverde and co-workers (Goverde 2000). In that study, the costs per live-born baby after 
ovarian hyperstimulation combined with IUI was calculated to be US$5, 108. To make the use of 
a GnRH antagonist in ovarian hyperstimulation combined with IUI programs cost-effective, it 
can be calculated that at least one extra live-born baby should be achieved in 29 cycles. 
The results of our pilot study confirmed the finding of others (Cunha-Filho 2003, Cohlen 1998) 
that the prevalence of LH rises in stimulated IUI cycles is high. This study is the first to show 
that in both CC-stimulated and rFSH-stimulated cycles these premature LH rises occur. Although 
a nonsignificant trend in favor of cycles without LH rises was found, the effect of LH rises could 
not be established definitely. 
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Abstract 
Objectives: 
This prospective cohort study investigated the prevalence and influence of premature LH 
rises and premature luteinization on live birth rates in mild ovarian hyperstimulation cycles 
combined with IUI. 
Materials and methods: 
A total of 212 couples with unexplained or male subfertility in 12 institutional and academic 
hospitals were included, undergoing MOH combined with intrauterine insemination (IUI). 
Couples received rFSH and were randomized with a computer-generated list of numbers by 
third party, either to receive a GnRH antagonist or a placebo when one or more follicles �14 
mm were visualized, both combined with a single IUI. Blood for LH and progesterone (P) deter­
mination was withdrawn on the day of human chorionic gonadotrophin (hCG) administration. 
Results: 
In a total of 408 cycles, LH was measured. In 26% of the placebo cycles, LH rises were detected 
compared with 7.8% in GnRH-antagonist cycles (P<0.01 ). Live birth rates were not significantly 
higher in cycles without a premature LH rise (P=0. 30, OR 0 .6  95% Cl 0 .22- 1 .6) .  Premature 
luteinization occurred in 27 cycles (6. 6%). One live birth occurred in a cycle with premature 
luteinization (1 /27; 3.7%). In cycles without premature luteinization live birth rate was 11. 3% 
(43/381 ).  This result was not statistically significant different (P=0.25, OR 0. 3 95% Cl 0.039-
2. 3). 
Conclusions: 
Premature LH rises and premature luteinization occur frequently, but did not seem to affect 
treatment outcome negatively. Adding a GnRH-antagonist to MOH/IUI programs effectively 
prevents premature LH rises, but it is questionable whether this leads to higher live birth rates. 
Influence of LH rises in an IUI program 
Introduction 
Premature luteinizing hormone (LH) rises seem to occur frequently during mild ovarian hyper­
stimulation (MOH) in intrauterine insemination (IUI) programs (Allegra 2007, Lambalk 2006). 
These LH rises may influence timing of insemination or even result in cycle cancellation. 
Whether cycles with a premature LH rise also lead to significant lower live birth rates remains 
unclear (Cantineau and Cohlen 2007, Cohlen 1 998, Martinez-Salazar 2009). 
There are various strategies proposed how to deal with premature LH rises in MOH/IUI programs 
to improve outcome. One of these is adding a Gonadotrophin Releasing hormone (GnRH) antag­
onist to suppress them (Alisch 2004, Olivennes 2003). A number of randomized controlled trials 
(RCTs) investigated the role of GnRH antagonists in MOH/IUI programs demonstrating conflicting 
results (Allegra 2007, Crosignani and Somigliana 2007, Gomez-Palomares 2005, Gomez-Palo­
mares 2008, Lambalk 2006, Lee 2008, Ragni 2001 ). Different publications pooled the data of 
these RCTs in a meta-analysis revealing a significant higher pregnancy rate or live birth rate 
in the group treated with a GnRH antagonist (Cantineau 2007, Kosmas 2008). However, these 
outcomes are predominantly based upon a positive effect of non-blinded studies while a large 
double blinded RCT found no positive effect. 
The present study aims to assess the prevalence of premature LH rises and to assess whether 
live birth rates are significantly lower in cycles with premature LH rises. Furthermore, we 
evaluate the efficacy of a GnRH antagonist in preventing premature LH rises and premature 
luteinization in subfertile women undergoing IUI with MOH. 
Materials and methods 
As part of a large randomized multicenter trial comparing two different ovarian stimulation 
protocols of which the results are published elsewhere, we performed a prospective cohort 
study to investigate the prevalence and influence of premature LH rises and premature lutein­
ization. 
Between January 2006 and February 2009, a total of 21 2 couples with unexplained or male 
factor subfertility were included in this prospective cohort study in 1 2  different clinics (lsala 
Clinics Zwolle; University Medical Centre Groningen; Free University Medical Centre Amsterdam; 
Jeroen Bosch Ziekenhuis Den Bosch; University Hospital Gent; University Hospital Leuven; Ziek­
enhuis Twenteborg Almelo; Catharina Ziekenhuis Eindhoven; Diakonessenhuis Utrecht; Ziek­
enhuis Oost-Limburg Genk; Medical Centre Leeuwarden and Amphia Ziekenhuis Breda). The 
ethical committees of these hospitals had approved the protocol and the trial was registered in 
the Dutch Trial Register, number NTR497. 
Inclusion criteria were as follows: primary or secondary subfertile patients between 1 8  and 
39 years, that was unexplained, due to mild male factor or associated with the presence of 
minimal or mild endometriosis persisting for at least two years. Unexplained subfertility was 
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defined as normospermia according to the guidelines of the World Health Organization (WHO 
1992) or the Kruger criteria (Kruger 1993), two patent tubes, two ovaries in situ and a menstrual 
cycle varying between 24 and 35 days with an indication of ovulation . Hysterosalpingography 
or laparoscopy was performed. Mild male subfertility was defined as abnormal semen quality 
according to the WHO criteria in combination with an average total motile sperm count of 2 
semen analyses above 10 million. 
Exclusion criteria were women younger than 18 years and over 39 years of age, those with 
pathology of the tubes, endometriosis classification stage > II of the American Fertility Society, 
total motile sperm count < 10 million (average of 2 semen analyses), cycle disturbances 
where otherwise ovulation induction would have been started, previous assisted reproduction 
attempts for this pregnancy wish, persisting ovarian cysts (> 25 mm more than one month) and 
contraindications for one of the drugs applied. 
On cycle day 3 patients underwent a transvaginal ultrasound scanning and were randomized 
per patient by a computer-generated list of numbers by a third party (the central pharmacist) 
when no ovarian cyst was present. Patient and physician were blinded for treatment allocation. 
Stratification was done for center and type of subfertility. Patients were recruited for three 
cycles in a parallel design. One cycle of rest could intervene between treatments. 
All patients received 75 IU recombinant follicle stimulating hormone (rFSH) (Gonal-f©, Merck­
Serono Benelux BV) per day from cycle day 2-4 onward in a low-dose step-up protocol. Moni­
toring was done from cycle day 8-9 by transvaginal ultrasound scanning. When a dominant 
follicle of 14 mm or more was detected a GnRH antagonist (Cetrorelix©, Merck-Serano Benelux 
BV) at a dose of 0.25 mg/day or a placebo was added until human Chorionic Gonadotrophins 
(hCG) administration . When the leading follicle(s) reached the size of 18 mm or more 250 
microgram recombinant hCG (Ovitrelle©, Merck-Serano Benelux BV) was administered after 
withdrawal of blood for LH and progesterone levels. 
An LH rise was considered when serum LH levels were > 10 IU/L (COBAS, ELECSYS ENZYMUM­
test, Roche Diagnostics GmbH, Mannheim, Germany, interassay variability <2.2%). Premature 
luteinization was defined as a premature LH rise with a serum progesterone level > 3. 18 nmol/L 
(COBAS, ELECSYS, Roche Diagnostics GmbH, Mannheim, Germany interassay variability <4.8%) 
(Lambalk 2006). Results of LH and progesterone determinations were blinded until all patients 
finished their final treatment cycle, which made adjustments of timing of insemination impos­
sible. 
When a leading follicle with a mean diameter of 18 mm or more was detected at the first trans­
vaginal ultrasound scan, hCG was administered the same day without prescribing GnRH antago­
nist or placebo. Semen was produced by masturbation and collected for insemination within 
1 hour after production. A gradient or swim-up technique was used for semen preparation 
depending on the routine of the participating clinic. A single IUI with homologous semen was 
performed 38-40 hours after hCG injection .  No luteal phase supplementation was prescribed. 
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When follicular development (one follicle > 10 mm) did not occur after 7 days of r-FSH admin­
istration, the dose was increased to 112. 5 IU/day. Cycles were cancelled when > 3  follicles 
became > 15 mm, or when >5 follicles became > 10 mm or when no follicles > 10 mm were 
detected on cycle day 21. In case of mono-follicular growth, the dosage of daily r-FSH was 
increased by 37. 5 IU during the following treatment cycle. In case of cycle cancellation due 
to too many follicles the dosage was decreased by 37. 5 IU per day during the following cycle. 
This study focussed on the occurrence of premature LH rises and premature luteinization and 
the effect on live birth rates. Secondary outcomes were clinical pregnancies, miscarriages and 
multiple births. Pregnancy was confirmed by a urine pregnancy test. Clinical pregnancy was 
defined as ultrasound visualization of at least one intrauterine gestational sac. Live birth was 
defined as a pregnancy ending in a delivery of a baby after 26 weeks of gestation. Furthermore, 
ovarian hyperstimulation syndrome (OHSS) defined according to the Dutch guidelines of the 
Dutch Society of Obstetrics and Gynaecology was noted. 
Statistical comparisons were performed using descriptive analysis for frequency distribution. 
Generalized Estimating Equation (GEE) analysis was used to address the issue of non-indepen­
dent observations since multiple cycles occurred in most couples. The GEE analysis accounted 
for interdependence of consecutive cycles within the same patient. The variables included in 
the model were: subject number, cycle number, the primary and secondary outcomes as depen­
dent variables and the randomization code as predictive factor. Linear regression was used to 
analyze the prediction of the occurrence of LH rises. Odds ratios (ORs) with a 95% confidence 
interval (Cl) were used to express the direction of treatment effect. A two-sided P-value <0.05 
was considered significant (SPSS version 16.0 software, SPSS, Inc.,  Chicago, IL). Power analysis 
was done for the comparison GnRH antagonist versus placebo only, based on the available 
pregnancy rates per cycle from published randomized studies comparing GnRH antagonist with 
placebo or no GnRH antagonist. 
Results 
After randomization 212 couples (147 couples with unexplained subfertility and 65 couples 
with male subfertility) were included in this prospective cohort study in a three year period 
between February 2006 and February 2009. In 15% (n= 31 /212) of the women included grade I 
or II endometriosis was detected. The baseline characteristics were similar for both treatment 
groups and are summarized in Table I. Altogether 24 patients dropped out before completing 
three cycles, mainly due to personal reasons. None of the patients experienced unexpected 
(severe) adverse reactions. 
Main reason for cycle cancellation before hCG injection was development of too many follicles 
(10. 5% of the cycles). In 19 cycles (4.7% of the cycles) ovulation occurred before hCG injection. 
Strictly speaking a premature LH rise occurred in these cycles as well. Two women conceived 
in this group. 
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Table 1. Baseline characteristics of couples with known LH values (n=2 1 2) 
Age (years) 
Duration of subfertility (months) 
BMI (kg/m2) 
TMSC (x106) 










BMI= body mass index, TMSC= total motile sperm count 




Live birth 7.2% 
Miscarriage 1 1 .4% 
Late TOP 0 0% 
Pregnant 6 9% 
Twin pregnancy 0 0% --- -
mean interquartile 
range 
Duration of FSH stimulation 9.4 5-17 
(days) 
Total dose FSH ( IU) 755 262-1425 
Duration of GnRH 2.5 0-9 
antagonist/placebo (days) --- --
No. of dominant follicles at 2.2 1-5 
hCG injection 
interquartile range 
2 1  .6-39.5 




3 1 %  
69% 
Cycles without P-value• 
LH rise 
n=339 % 
39 12% 0.30 
9 2 .7% 
2 0.6% 
50 15% 0.1 8  
6% 
mean interquartile P-value• 
range 
8.6 3-18 0.017 
715 1 88-2062 0.27 
2.3 0-12 0.24 
2.4 1-7 0.1 1  




-0.79(-1.4 to -0.14) 
-40(-110 to 30) 
-0.26(-0.69 to 0.18) 
0.23(-0.05-0.52) 
LH= luteinizing hormone, TOP= termination of pregnancy, FSH= follicle stimulating hormone, hCG= human chorionic 
gonadotrophin, OR= odds ratio, SD= standard deviation, NA = not applicable .Cl=confidence interval ,  IU-international units. 
' GEE analysis 
In 476 cycles hCG was injected to induce ovulation and in 95% of these cycles (n= 451) blood 
was withdrawn for LH and progesterone measurement. In total 436 blood samples could be 
analyzed in a central laboratory. Due to missing clinical information or wrong timing of blood 
withdrawal we were able to use 408 samples for statistical analysis. The disposition of cycles 
is shown in Figure 1. 
In 69 cycles (17%) a premature LH rise was detected and premature luteinization occurred 
in 27 cycles (6.6%). The result in live birth rate for cycles with an LH rise was 7.2% (5/69). In 
cycles without an LH rise the live birth rate was 12% (39/339). This result was not statistically 
significant different (P=0. 30, OR 0.6 95% Cl 0 .22-1.6). Results expressed in pregnancy rate per 
cycle were similar; 8. 7% (6/69) versus 1 5% (50/ 339) respectively. This difference was also not 
Figure 1 Flow chart 
Couples 
1 st cycle (n=233) 
2nd cycle (n=190) 
3rd cycle (n=149) 
26 pregnancies, 17 live births 
3 spontaneous pregnancies, 2 live births 
11 drop outs 5 personal reasons 
4 medical reasons 
2 low semen quality 
22 pregnancies, 17 live births 
3 spontaneous pregnancies, 3 live births 
14 drop outs 6 personal reasons 
5 medical reasons 
1 low semen quality 
2 other reasons 
18 pregnancies, 17 live births 
1 spontaneous pregnancy, 1 live birth 
8 drop outs 5 personal reasons 
2 medical reasons 
1 other reasons 
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Lab results 
1st cycle (n= 165 )  
2nd cycle (n=136) 
3rd cycle (n=107) 
statistically significant (P=0. 18, OR 0.54 95% Cl 0.23-1.3) (Table II). Including cycles with an 
ovulation detected before hCG administration in the analysis did not change the direction of 
the outcomes (8% versus 12%; P=0.34). 
One live birth occurred in a cycle with premature luteinization (1 /27; 3.7%). In cycles without 
premature luteinization live birth rate was 11.3% (43/381 ). This result was not statistically 
significant different (P=0.25, OR 0.3 95% Cl 0.04-2.3). When results were expressed in preg­
nancy rate per cycle there was no significant difference either (3.7% (1 /27) versus 14% (55/381 ); 
P=0. 15, OR 0.23 95% Cl 0.030-1.7). 
In the GnRH antagonist group a premature LH rise occurred 16 times, whereas in the placebo 
group this occurred 53 times. The prevalence of an LH rise was significantly lower in cycles with 
a GnRH antagonist compared to cycles with a placebo (7.8% versus 26%; P< 0.01 ). When using 
higher cut-off levels for the LH rise (> 15 IU/l and >20 IU/l) the difference between treatment 
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groups remained significant. T he prevalence of premature luteinization was 4 .4% in cycles with 
a GnRH antagonist and 8 .8% in placebo cycles which was not significantly different between 
both treatment groups (P:::0.099). Luteal phase length was not affected by the use of a GnRH 
antagonist. 
The duration of rFSH stimulation, the total dose of FSH and the duration of the use of a GnRH 
antagonist or placebo are presented in Table II. Three patients in the GnRH antagonist group 
and five patients in the placebo group did not receive study medication during a cycle with an 
LH rise due to that at the moment of the first ultrasound a dominant follicle was detected of 
the size of 18 mm or more. In cycles with a premature LH rise the duration of rFSH stimulation 
was significantly longer. Other factors were similar between the group with an LH rise and 
without an LH rise. The number of dominant follicles at the moment of hCG injection was not 
statistically different. 
As expected, the mean level of LH on the day of hCG administration was lower in patients 
receiving a GnRH antagonist than in those who received a placebo. (4. 33 IU/ L [range 0. 1 8-39 
IU/L] versus 9. 02 IU/L  [range 0.98-68 IU/L]). However, the mean levels of progesterone on the 
day of hCG injection were similar (2. 1  nmol/ L  [range 0.8-5. 4 nmol/L] versus 2. 75 nmol/L [range 
0.69-28 IU/L]). 
In total 5 twin pregnancies occurred and no high-order multiple pregnancies. Two twins occurred 
in cycles without LH determination. No cases of OHSS were reported. 
Our linear regression analysis revealed that women who have a premature LH rise in the 
first cycle tend to have a higher chance of developing a premature LH rise in the next cycle 
(P:::0.097). However, the percentage of variance in premature LH rise in the next cycle that 
could be explained by the LH rise in the first cycle was only 1 1  %, indicating a poor predictive 
power. The number of dominant follicles and the total amount of FSH stimulation did not have 
a significant influence on this observed effect. 
Discussion 
IUI with ovarian hyperstimulation is still the treatment of first choice for couples with unex­
plained and male subfertility. Although IUI results in higher cumulative pregnancy rates 
compared to more invasive and expensive treatments such as IVF (Goverde 2000), various 
factors can be studied that may further optimize outcome of IUI programs. One of these factors 
is the occurrence of premature LH rises. 
This prospective cohort study confirmed that premature LH rises occur frequently with a preva­
lence of more than 25%. This is comparable with the occurrence of LH rises in other studies 
with a reported prevalence varying from 22 to 43% (Allegra 2007, Cantineau and Cohlen 2007, 
Cohlen 1 998, Lambalk 2006, Lee 2008, Martinez-Salazar 2009). Despite different concentrations 
of LH, mean P levels on the day of hCG were similar. T his was also seen in the study of Lambalk 
and co-workers. 
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But why do premature LH rises occur so frequently and moreover, does it matter? 
We demonstrated that live birth rates were not significantly different between cycles with or 
without an LH rise. However, a small sample size could be the cause of this, since the power 
to detect a difference was not calculated for this cohort study. Other studies (Allegra 2007, 
Cantineau and Cohlen 2007, Cohlen 1998, Lambalk 2006, Lee 2008, Martinez-Salazar 2009) 
reported pregnancy rates only and all but one study (Allegra 2007) did not reveal a significant 
difference between cycles with an LH rise and cycles without an LH rise. 
It has been demonstrated that the development of an LH rise is facilitated by ovarian hyper­
stimulation (OH), whatever the type of OH treatment used (Glasier 1988). The pathogenesis 
of premature LH rises has not yet been fully understood but massive steroid secretion by the 
hyperstimulated ovaries may lead to impaired negative control of gonadotrophins (Loumaye 
1990). When serum estradiol levels exceed a certain level the feedback mechanism changes 
from negative to a positive feedback resulting in an LH rise (Gougeon 1996). When more folli­
cles are present due to ovarian hyperstimulation, estradiol levels might exceed the threshold 
earlier, resulting in premature LH rises. In our study we did not observe more dominant follicles 
in the group with a premature LH rise. Unfortunately, we did not determine estradiol levels. 
In cycles without a premature LH rise, the duration of FSH stimulation was significantly shorter. 
Thus, when ovarian hyperstimulation is prolonged it seems that the chance to develop a 
premature LH rise is higher. A large cohort study of Martinez-Salazar and co-workers reported a 
comparable significant difference for the duration of stimulation in cycles with a premature LH 
rise (Martinez-Salazar 2009). One might hypothesize that in cycles with prolonged ovarian stim­
ulation it might be useful to determine LH for instance after 9 days of ovarian hyperstimulation. 
Adding a GnRH antagonist to MOH effectively prevents premature LH rises compared to placebo 
treatment. This is in line with the results of other studies (Allegra 2007, Lambalk 2006, Lee 
2008). GnRH antagonist cycles were cancelled in 2% due to ovulation before hCG compared to 
4% of the cycles without a GnRH antagonist. By preventing premature LH rises and premature 
ovulations GnRH antagonists may influence treatment outcome positively. It remains however 
unclear whether the addition of a GnRH antagonist is cost-effectiveness. 
Ideally, a GnRH antagonist should be administered when an LH rise is expected only. However, 
a premature LH rise in the first cycle is a poor predictor for an LH rise in the next cycle which 
makes selection beforehand difficult. The number of dominant follicles and the total amount of 
FSH stimulation did not have a significant influence on this observed effect, which is in line with 
the results from other studies (Cantineau and Cohlen 2007, Cunha-Filho 2003). 
In conclusion, premature LH rises occur frequently but in this prospective study live birth 
rates were not significantly affected by the prevalence of premature LH rises or premature 
luteinization. Future research should focus on the effect of premature LH rises and premature 
luteinization on live birth rates. When other larger studies find a significant negative effect of 
premature LH rises on live birth rates, research should focus on the cost-effectiveness of GnRH 
antagonists in IUI programs before adding this drug on a routine basis. 
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Abstract 
Objectives: 
This multicenter double-blinded RCT investigated the efficacy of GnRH antagonists in cycles 
with mild ovarian hyperstimulation followed by intrauterine insemination ( IU I )  in subfertile 
women. 
Materials and methods: 
Couples diagnosed with unexplained or male factor subfertility were randomized with a 
computer-generated list of numbers by a third party in a double-blinded setting either to 
receive a GnRH antagonist or a placebo in 1 2  institutional or academic hospitals. All women 
were treated with recombinant FSH in a low dose step-up regimen starting on day 2-4 of the 
cycle. A GnRH antagonist was added when one or more follicles of 1 4  mm or more were visu­
alized . When at least one follicle reached a size of ..: 18  mm, ovulation was induced by hCG 
injection. A single IU I  was performed 38-40 hours later. Couples were offered a maximum of 
three consecutive cycles. The primary outcome of the trial was live births. Secondary outcomes 
were pregnancy rates, multiple pregnancy rates, miscarriages and ovarian hyperstimulation 
syndrome rate. This trial was registered in the Dutch Trial Register, number NTR497. 
Results : 
A total of 233 couples were included from January 2006 to February 2009, starting 572 treat­
ment cycles. Live birth rates were not significantly different between the group treated with 
GnRH antagonists (8.4%; 23/275) and the placebo group ( 1 2%; 36/297) (P==0.30).  Three twin 
pregnancies occurred in the GnRH antagonist group and two twin pregnancies in the placebo 
group. 
Conclusions: 
Adding a GnRH antagonist in cycles with mild ovarian hyperstimulation in an IU I  programme 
does not increase live birth rates. 
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Introduction 
Intrauterine insemination (IUI) combined with mild ovarian hyperstimulation (MOH) is the treat­
ment of first choice for various types of subfertility (Verhulst 2006, Bensdorp 2007). The under­
lying idea is to increase the number of available gametes at the site of fertilization by achieving 
two to three dominant follicles followed by a perfectly timed insemination. Various strategies 
have been proposed to optimize the outcome of this treatment, such as different ovarian stimu­
lation protocols (Cantineau 2007), double insemination (Liu 2006, Casadei 2006) and prevention 
of premature LH surges (Allegra 2007, Crosignani 2007, Lambalk 2006). Premature LH surges 
are defined as surges that precede the triggering of ovulation iatrogenically and are premature 
relative to the planned treatment. 
Prospective data have shown that premature LH surges occur in a significant percentage of MOH 
cycles (22-43%), interfering with the optimal timing of the insemination or even resulting in 
cycle cancellation (Allegra 2007, Lambalk 2006, Lee 2008). This interference seems to lead to 
lower pregnancy rates compared to cycles without a premature LH surge (Cantineau 2007a). 
Since it is impossible to predict the occurrence of premature LH surges by clinical parameters 
such as ultrasound appearance of the follicle and serum estradiol levels, other strategies have 
been proposed (Cunha-Filho 2003). 
LH surges can be effectively prevented by administering a GnRH antagonist (Alisch 2004, Oliv­
ennes 2003). The effect of this drug on treatment outcome has been the subject of several 
prospective trials and systematic reviews showing conflicting results (Allegra 2007, Cantineau 
2007, Crosignani 2007, Gomez-Palomares 2005, Gomez-Palomares 2008, Kosmas 2008, Lambalk 
2006, Lee 2008, Williams 2004). However, most studies performed so far were not double­
blinded, and the sample sizes were generally inadequate to definitely answer the research 
question whether the addition of a GnRH antagonist is effective in increasing live births. There­
fore, we initiated an international multicenter randomized double-blinded trial using a placebo 




We performed a multicenter, parallel, double-blinded, placebo-controlled randomized study. 
Four academic and eight institutional hospitals in The Netherlands and Belgium participated 
(lsala Clinics Zwolle, University Medical Center Groningen, Free University Medical Center 
Amsterdam, Jeroen Bosch Ziekenhuis Den Bosch, University Hospital Gent, University Hospital 
Leuven, Ziekenhuis Twenteborg Almelo, Catharina Ziekenhuis Eindhoven, Diakonessenhuis 
Utrecht, Ziekenhuis Oost Limburg Genk, Medical Center Leeuwarden and Amphia Ziekenhuis 
Breda). The ethical committees of the lsala Clinics and University Hospital Gent approved the 
study, and local approval from the ethical committees of the other participating hospitals was 
also received. This trial was registered in the Dutch Trial Register, number NTR497. 
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We recruited couples with subfertility that was unexplained, related to mild male factor or 
associated with the presence of minimal to mild endometriosis persisting for at least two years. 
Unexplained subfertility was defined as normospermia according to the guidelines of the World 
Health Organization (WHO Guidelines 1992) or Kruger criteria (Kruger 1993), two patent tubes, 
two ovaries in situ and a cycle varying between 24 and 35 days with an indication of ovulation. 
Hysterosalpingography or laparoscopy was performed in all subjects. Mild male subfertility 
was defined as abnormal semen quality according to the WHO criteria, in combination with 
an average total motile sperm count above 10 million for two semen analyses. Minimal to 
mild endometriosis was classified as stage I or II according to the American Fertility Society 
(American Society of Reproductive Medicine 1997). 
Couples were excluded when semen analysis showed a total motile sperm count below 10 
million (average of two semen analyses) or if women were younger than 18 years or over 
39 years of age. Other exclusion criteria were pathology of the tubes, endometriosis classi­
fied as stage >II according to the American Fertility Society, anovulation, previous attempts at 
assisted reproduction techniques, persistent ovarian cysts (>25 mm for more than one month) 
and contraindications for one of the investigated drugs. 
After counseling, written informed consent was obtained from all couples before randomiza­
tion. 
Women underwent transvaginal ultrasonography on cycle day 2-4 to rule out ovarian cysts 
before being randomized to one of the treatment groups. The couples then went to the hospital 
pharmacist, who distributed the study medication in numbered packages double blinded for 
its content. The numbers were created according to a central computer-generated list of 
numbers. Blinding of the patients and physicians was ensured by treating the women with 
identically appearing injections made by Merck-Sereno BV that were administered at the 
same fashion. Randomization was stratified for center and type of subfertility. Couples were 
randomly allocated in a 1: 1 ratio to either receive the GnRH antagonist or a placebo. Data were 
analyzed according to an intention-to-treat analysis. Patients were recruited for three cycles in 
a parallel design. One cycle of rest between treatment cycles was allowed for personal reasons 
or owing to ovarian cysts. Intercourse was not restricted. 
Procedures 
All patients received 75 IU recombinant FSH subcutaneously (s.c . )  (Gonal-f, Merck-Sereno BV) 
per day from cycle day 2-4 onwards. Monitoring was performed from cycle day 8-9 by transvag­
inal ultrasound scanning. When a dominant follicle of 14 mm diameter or more was detected, 
a GnRH antagonist (Cetrorelix, Merck-Sereno BV) at a dose of 0.25 mg/day s.c. or a placebo 
s.c. was added until hCG administration. When the leading follicle reached a size of 18 mm 
or more based on the mean of two diameters, 250 micrograms of recombinant hCG s.c. (rFSH, 
Ovitrelle, Merck-Sereno BV) was administered after withdrawal of blood for measuring LH and 
progesterone levels. If a leading follicle with a mean diameter of 18 mm or more was detected 
at the first transvaginal ultrasound scan at the 8-9 cycle day, hCG was administered on the same 
day without prescribing the GnRH antagonist or placebo. Semen was produced by masturba-
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tion and collected for insemination within 1 h after production. Either a gradient or swim-up 
technique was used for semen specimens, depending on the local protocol of the participating 
clinic. A single IUI with homologous semen was performed 38-40 hours after hCG injection. No 
luteal phase support was prescribed. 
If follicular development (one follicle > 10 mm) was not seen after seven days of stimulation, 
the FSH dose was increased to 112. 5 IU/day. Cycles were cancelled if >3 follicles became 15 
mm diameter or larger, >5 follicles became 11 mm or larger, or no follicle > 10 mm was observed 
on cycle day 21. In the case of mono-follicular growth, the daily rFSH dose was increased by 
37. 5 IU during the following treatment cycle if no pregnancy had been achieved. In the case 
of cycle cancellation owing to too many follicles, the dosage was decreased by 37. 5 IU per day 
during the following cycle. 
Live births were the main outcome of interest. Secondary outcomes were clinical pregnan­
cies, ongoing pregnancies, miscarriages, multiple births and ovarian hyperstimulation syndrome 
(OHSS). Pregnancy was confirmed by a urine pregnancy test. Clinical pregnancy was defined as 
ultrasound visualization of at least one intrauterine gestational sac at 7-8 weeks of gestation. 
Ongoing pregnancy was defined as pregnancy beyond the first trimester. Live birth was defined 
as a pregnancy ending in a live birth beyond 26 weeks of gestation. Furthermore, OHSS was 
defined according to the Dutch guidelines of the Dutch Society of Obstetrics and Gynecology 
(NVOG Guidelines). 
Statistical analysis 
A power analysis was performed. Power calculation was based on available pregnancy rates 
per cycle from published randomized studies comparing GnRH antagonist with placebo or no 
antagonist. A pregnancy rate of 25% was expected after 3 cycles in the placebo group. An 
absolute increase in pregnancy rates of at least 12% was expected in the treated group. Taking 
miscarriages and drop-outs into account a total of 466 couples were needed to reveal a signifi­
cant difference in live birth rates per randomized couple between both treatment arms with a 
power of 80%. A two-sided P-value <0.05 was considered significant. The inclusion period was 
maximized at three years. 
Analysis was carried out in accordance with intention to treat. Data extraction and analyses 
were performed blinded for allocation to prevent bias. 
Statistical comparisons were performed using descriptive analysis for frequency distribution. 
Generalized Estimating Equation (GEE) analysis was used to address the issue of non-indepen­
dent observations since multiple cycles occurred in most couples (Lee 2007). The GEE analysis 
accounted for interdepen<ience of consecutive cycles within the same patient. The vari­
ables included in the model were: subject number, cycle number, the primary and secondary 
outcomes as dependent variables and the randomization code as predictive factor. Odds ratios 
(ORs) with a 95% confidence interval (Cl) were used to express the direction of treatment 
effect. Statistical analyses were performed using the Statistical Package for the Social Sciences 
software (version 16.0). 
151  
Role of the funding source 
Merck-Serano BV financially supported the trial supplying the medication and placebos. They 
had no role in the study design, data collection, data analysis, data interpretation , or the 
writing of the report. The corresponding author had full access to all data in the study and had 
final responsibility for the decision to submit it for publication. 
Results 
We identified 353 eligible couples between January 2006 and February 2009, 233 of whom gave 
informed consent for randomization. We randomly assigned 113 couples to a GnRH antagonist 
treatment and 120 to a placebo. No couples were randomized for a second time in this 3-year 
period. In total, 164 couples with unexplained subfertility and 69 couples with male subfertility 
were included, starting a total of 572 fertility treatment cycles. In 14% (n=32/233) of the 
women included grade I or II endometriosis was detected. T he numbers of participants were 
lower than required, as suggested by our power analysis, but the maximum inclusion period 
of three years had expired. The baseline characteristics of the patients were similar for both 
groups and are summarized in Table I. 
Table I. Baseline characteristics of subfertile couples in  a RCT of the efficacy of GnRH antagonists in cycles with mild 
ovarian hyperstimulation and intrauterine insemination (IUI) 
GnRH antagonist (n= 1 13) Placebo (n=120) 
mean SD mean SD 
Age (years) 32.6 3.5 32.0 3.7 
Duration of subfertility (months) 34.8 12.5 36.0 15.1 
BMI 23.1 3.3 23.6 3.9 
median interquartile range median interquartile range 
TMSC (x106) 50 2·551 51 1.1-699 
n % n % 
Cause of subfertility: 
Male 37 33% 32 27% 
Unexplained 76 67% 88 73% 
Type of subfertility: 
Primary 81 72% 77 64% 
Secondary 32 28% 43 36% 
TMSC= total motile sperm count, BMI= body mass index 
In 27% (n=152) of the cycles one (or more) follicles > 13 mm diameter were detected at the 
second ultrasound scan (day 8-9). This was similar for both groups. In the majority of cases 
(n=532 cycles) the dominant follicle was not larger than 15 mm (93%). 
In 476 cycles, hCG was injected to induce ovulation. The main reason for cycle cancellation 
before hCG injection was the development of too many follicles (n=28 in placebo group, n=32 in 
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GnRH antagonist group). Other reasons were ovulation prior to hCG injection (n=13 in placebo 
group, n=6 in GnRH antagonist group) or an absence of follicle development (n=1 in placebo 
group, n= 3 in GnRH antagonist group}. The remaining cycles were cancelled for personal (n=7) 
or medical reasons (n=6) distributed equally between both treatment groups. In two patients, 
the treatment cycle was not cancelled even though too many follicles had developed. In the 
first patient, selective follicle aspiration was performed, resulting in a singleton pregnancy and 
a live birth, and in the second patient conversion to IVF occurred, resulting a singleton preg­
nancy and a live birth. Both patients were randomized to the placebo treatment arm. 
Eleven patients dropped out after the first cycle, and a total of 33 patients (GnRH antagonist, 
n=21 / 113; placebo, n=12/ 120) cancelled treatment before completing three cycles, mainly for 
personal reasons (Figure 1 ). None of the patients experienced severe unexpected adverse reac­
tions. One person dropped out because of a skin reaction to the medication. The partkipant 
flow through the trial is displayed in Figure 2. 
Figure 1 Flow Diagram of data from RCT of efficacy of GnRH antagonists in cycles with mild ovarian hyperstimulation and 
intrauterine insemination in 233 subfertile couples 
1 st cycle (n=233) 
2nd cycle (n=190) 
3rd cycle (n=149) 
26 pregnancies, 17 live births 
3 spontaneous pregnancies, 2 live births 
1 1  drop outs 5 personal reasons 
4 medical reasons 
2 low semen quality 
22 pregnancies, 1 9  live births 
3 spontaneous pregnancies, 3 live births 
14 drop outs 6 personal reasons 
5 medical reasons 
1 low semen quality 
2 other reasons 
1 8  pregnancies, 1 7  live births 
1 spontaneous pregnancy, 1 live birth 
8 drop outs 5 personal reasons 
2 medical reasons 
1 other reasons 
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Figure 2 CONSORT 201 0  Flow Diagram 
Enrollment I Eligibility couples (n= 353) I 
Excluded (n= 120) 
1------1"-ai 
• Not meeting inclusion criteria (n= 47) 
,, 
• Declined to participate (n= 73) 
• Other reasons (n= 0) 
I Randomized (n= 233) I 
Allocation 
Allocated to intervention (n= 113) Allocated to placebo (n= 120) 
• Received allocated intervention (n= 113) • Received allocated intervention (n= 120) 
• Did not receive allocated intervention (n= 0) • Did not receive allocated intervention (n= 0) 
Lost to follow-up (n= 3) 
Did not complete 3 cycles (n= 52) 
Pregnancy (n= 3 1 )  
personal reasons (n= 12) 
medical reason (n= 1 )  
skin reaction o n  medication (n=1 ) 
medication not available (n= 3 )  
low semen quality (n= 2)  
other reason (n= 2) 
n= 1 1 3  couples 




Lost to follow-up (n= 3) 
Did not complete 3 cycles (n= 54) 
Pregnancy (n= 42) 
personal reasons (n= 4) 
medical reason (n= 5) 
medication not available (n= 1 )  
low semen quality (n= 1 )  
other reason (n= 1) 
n= 120 couples 
• Excluded from analysis (n= 0) 
The characteristics of exposure to rFSH and GnRH antagonist or placebo are stated in Table 
I I .  The duration of rFSH stimulation was similar in both groups, and GnRH antagonist/placebo 
treatment lasted an average of two days in each group. In 77 cycles (1 3.5%) hCG was applied 
before taking any GnRH antagonist (n=43) or placebo injection (n=34) and in 67 women (29%) 
this occurred in one or more cycles. The total mean dose of rFSH was not different between 
the two treatment arms. The total number of dominant follicles in each group was comparable 
(2. 7 in the GnRH antagonist group versus 2 .6  in the placebo group). The total number of motile 
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Table II. Characteristics of treatment cycles 
GnRH antagonist Placebo P-value• Mean difference• ---
mean SD mean SD - --- ----
Duration of FSH stimulation (days) 9.0 2.7 8.8 2.4 0.33 -0.23(-0.67-0.22) 
Total dose FSH (IU) 742 294 720 300 0.46 -22(-80-36) 
Duration of GnRH antagonist/placebo (days) 2.2 1.8 2.2 1 . 5 0.88 -0.044(-0.31 -0.22) 
median range median range P-value• 
No. of dominant follicles at hCG injection 2.7 1 -9 2.6 1 -9 0.75 -0.23(-0.67-0.22) 
Total number of spermatozoa injected (1 06/ml) 1 4. 5  2-228 19 . 1  2-181 0.23 -4.9(- 1 3-3. 1 )  
* Generalized Estimating Equation (GEE) analysis, GnRH= gonadotrophin releasing hormone, SD= standard deviation, FSH= 
follicle stimulating hormone, no= number. 
spermatozoa injected was 14. 5 million in the GnRH antagonist group versus 19 . 1  million in the 
placebo group. 
The prevalence of an LH rise was lower in cycles with a GnRH antagonist compared to cycles 
with a placebo (7.8% versus 26%; P< 0.01  ). 
Twenty-three live births were observed in the GnRH antagonist group (23/275: 8.4%) and 36 in 
the placebo group (36/297: 12%), resulting in a no significant difference in live births per couple 
(P=0. 30) (Table I l l). Pregnancy rates were 11% (31 /275) and 14% (42/297) for the GnRH antago­
nist group and the placebo group, respectively. In the GnRH antagonist group, two spontaneous 
pregnancies occurred during a cycle of rest. In the placebo group, this outcome occurred five 
times. These pregnancies were included in the overall analysis according to the intention to 
treat analysis. Three twin pregnancies occurred in the GnRH antagonist group and two in the 
placebo group. No high order pregnancies were observed. The total multiple pregnancy rate 
was 6 .8% (5/73). Three ongoing pregnancies resulted in late termination of pregnancy owing to 
multiple congenital malformations (GnRH antagonist, n= 2/31; placebo, n= 1 /42). None of the 
women developed an OHSS. 
Table Ill. Primary and secondary outcomes 
GnRH antagonist Placebo P-value• OR (95% Cl) 
% n % 
Live birth 23/275 8.4% 36/297 1 2% 0.30 0.76 (0.44-1 .28) 
Unknown 3/275 1 . 1 %  3/297 1 %  
Healthy, term 21 /275 7.6% 30/297 10% 0.21 2.8 (0. 57-14) 
Preterm >32 wks < 37 wks 1 /275 0.36% 6/297 2% 0. 1 1  0. 1 8  (0.022-1 .48) 
SGA (< PS) 1 /275 0.36% 0/297 0% 
Pregnant 31 /275 1 1 %  42/297 14% 0.31 0.77 (0.47-1 .27) 
Unknown 3/275 1 . 1%  3/297 1 %  
Twin pregnancy 3/275 1 . 1 %  2/297 0.67% 0.31 3.2 (0.34-3 1 )  
Miscarriage 6/275 2.2% 5/297 1 .7% 0.90 1 . 1  (0.34-3.4) 
Late termination of 2/275 0.72% 1 /297 0.34% 0.53 2.2 (0. 1 9-24) 
pregnancy 
OHSS 0 0% 0 0% 1 .0 
SGA: small for gestational age, OR: odds ratio, • GEE analysis, OHSS= ovarian hyperstimulat1on syndrome 
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The proportion of cycles with mono-follicular growth was not different between treatment 
groups and pregnancy rates were similar for mono- and multifollicular cycles in both treatment 
groups (Table IV). 
Table IV. Pregnancy rates according to the number of mature follicles in stimulated and completed cycles (sponta­
neous pregnancies were excluded) 
GnRH antagonist placebo P value OR (95% Cl) 
Pregnancies in  monofollicular cycles 9/68 (1 3%) 9/66 (14%) 0.95 0.97 (0.36-2.6) 
Pregnancies in multifollicular cycles 20/1 66 (12%) 28/176 ( 16%) 0.31 0.72 (0.39-1 .3) 
• GEE analysis 
Figure 3 showed an updated meta-analysis of a Cochrane review about optimal stimulation 
protocols for IUI (Cantineau et al. 2007). The comparison gonadotrophins versus gonadotrophins 
and GnRH antagonists revealed that there is no difference between the two treatment groups 
(OR 1.4, 95% Cl 0.91 to 2. 3). 
Figure 3 .  Meta-analysis of available studies 
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Favours gonadotrophins alone 
OR (fixed) 
.5 2 5 10  
OR (95% Cl fixed) 
2.3 (0.96 to 5.3) 
0.70 (0.40 to 1 .2) 
0.95 (0.45 to 2.0) 
3.0 (1 . 1  to 8.6) 
2.5 (1 .4 to 4. 7) 
1 .1 (0.46 to 2.5) 
2.2 (0.49 to 9.6) 
1 .2 (0.21 to 6.7) 
1 .4 (0.91 to 2.3) 
Favours + GnRH antagonist 
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Discussion 
The effective suppression of premature LH surges with the addition of GnRH antagonists in an 
IUI programme with MOH has been demonstrated (Kosmas 2008, Cantineau unpublished data). 
However, the hypothesis that the suppression of these premature LH surges may improve live 
birth rates in IUI cycles could not be confirmed in this randomized placebo-controlled trial, 
although there are certain limitations to our study. 
One of these limitations is that LH and progesterone levels were measured only once (at the 
time of decision to administer hCG). It can be argued that when GnRH antagonist or placebo 
were first administered premature elevations of LH had already occurred therefore the inter­
vention may have been too late. We used a standard protocol, starting the GnRH antagonist 
or placebo at a dominant follicle diameter of �14 mm. Another study (Lambalk 2006) with the 
same protocol detected in 3.4% of the cycles a premature LH surge or luteinization prior to 
the start of the intervention (Lambalk 2006). We detected in 8% (n=40) of the cycles a follicle 
diameter > 15 mm at the time of the second ultrasound scan on day 8-9. Therefore, we assume 
that in the majority of cycles the intervention has been adequately implemented. 
Other studies (Allegra 2007, Gomez-Palomares 2008, Lambalk 2006) did not report the size of 
the dominant follicle(s) just prior to administering a GnRH antagonist or placebo. 
Another limitation might have been that intercourse was allowed during treatment cycles, 
resembling daily practice. When a premature LH elevation occurred and a spontaneous preg­
nancy was achieved by intercourse this would reduce the difference seen between treatment 
arms. However, owing to the subfertility of the study population, such an effect would be 
expected to be small. 
Furthermore, it is not clear how much earlier prior to hCG administration an LH elevation would 
need to occur to significantly reduce the likelihood of pregnancy. It seems plausible that the 
earlier an LH surge occurs prior to hCG administration, the higher chance that insemination will 
be too late thus influencing outcome significantly. Owing to our research design we could not 
address this issue. 
Unfortunately, after three years of recruitment, we calculated that another three years would 
be needed to reach the power necessary to detect a significant difference with the current 
rapidity of inclusion. About halfway through the trial, we decided to extend the number of 
participating clinics from 8 to 12. Major reasons for ineligibility were the strict inclusion 
criteria, especially the lower limit of at least two years of subfertility. Moreover, a significant 
number of women did not want to receive a second injection. However, in light of the current 
results, a new trial would need to include more than 1034 couples to reveal a significant effect 
in favor of using a GnRH antagonist. Based on these results, a new trial would likely not add 
any new information. 
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To answer clinical questions with adequate power, one can perform a systematic search and 
pool available data in a meta-analysis. Regarding the question of whether the addition of a 
GnRH antagonist significantly increases the outcome of MOH/IUI programmes, Kosmas and 
co-workers published a meta-analysis in 2008 (Kosmas 2008). Expressing outcomes as preg­
nancy rates per cycle, they found a significant difference in favour of treatment with a GnRH 
antagonist. However, a Cochrane review about optimal stimulation protocols for IUI (Cantineau 
2007) performed a comparable meta-analysis, expressing outcomes as live birth rates and preg­
nancy rates per couple, and this study revealed a significant effect of GnRH antagonist in live 
birth rates per couple only. An update of this latter review is currently underway: Including our 
placebo-controlled randomized study reveals that there is no longer a significant difference 
between the two treatment groups (OR 1.5, 95% Cl 0.94 to 2 .3) (Figure 3). 
T he quality of the randomized studies comparing GnRH antagonist with placebo or no antago­
nist varied tremendously. To exclude possible bias, a placebo should ideally be used. Only 
Lambalk and co-workers used a placebo, like us, and found no significant effect of using GnRH 
antagonists. However, the trial was underpowered for assessing the effect on pregnancy rates 
or live birth rates. 
One of the studies that showed a significant effect in favor of GnRH antagonist use found this 
positive effect in cycles with multi-follicular growth only (Gomez-Palomares 2008). T he authors 
stated that by suppressing the endogenous LH surge with a GnRH antagonist, more follicles 
were able to develop to a reasonable size, which might improve pregnancy rates. However, 
because the treating physicians were not blinded, they might have been more likely to apply 
more aggressive ovarian stimulation in GnRH antagonist cycles, leading to treatment bias (the 
number of follicles >18 mm was 2.4±1.3 versus 1.3±1.1 in the GnRH antagonist and control 
group, respectively). Furthermore, their hypothesis could not be confirmed with our data 
(Table IV). Other large prospective studies did not separately report results for multi-follicular 
cycles (Allegra 2007, Crosignani 2007, Lam balk 2006). 
T he study of Allegra and co-workers reported a positive effect of GnRH antagonists as well, 
however, no significant difference was found when ongoing pregnancy rates were considered. 
T hey hypothesized that a GnRH antagonist should not be applied according to the size of the 
dominant follicles only, but also based on estrogen serum levels to enhance the efficacy of 
treatment. Since our protocol did not include hormonal assessments before the administration 
of the antagonist, it was impossible to reject or agree with the stated hypothesis (Allegra 2007). 
Concerning the success of MOH/IUI treatment, Gomez and co-workers (2005, 2008) observed 
considerably higher pregnancy rates after the first cycle of IUI, compared to the current study 
and other large prospective studies (Allegra 2007, Crosignani 2007, Lambalk 2006). A possible 
explanation for this discrepancy is a difference in baseline characteristics, such as duration of 
subfertility, which was relatively short in the study of Gomez and co-workers (2005, 2008). In 
the Netherlands, in order to prevent over-treatment, couples are generally treated only when 
they have tried to get pregnant for at least two years since substantial number of couples with 
mild male or unexplained subfertility tend to get pregnant spontaneously (Steures 2006). 
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In cases in which GnRH antagonist treatment does not improve treatment outcome, but LH 
surges tend to negatively influence treatment outcome, are there other, more successful strat­
egies? One strategy is to determine LH levels daily or even twice a day and inseminate within 
24 hours once an LH elevation is detected (Cohlen 1998, Martinez 1992). However, it has been 
reported that despite adjusting of the moment of insemination, lower pregnancy rates were 
observed in the group with premature increases in LH (Cohlen 1998). 
A systematic review concluded that there was no significant difference in live birth and preg­
nancy rates when IUI is timed with endogenous LH detection or ultrasound combined with hCG 
injection (Cantineau 2010). However, disadvantages of LH detection are the high drop out rate 
and the high incidence of false negative results (Lewis 2006). On the other hand ultrasound 
detection combined with hCG is expensive and time consuming (Robinson 1992). 
Another strategy is to induce ovulation before the dominant follicle reaches a mean diameter 
of 18 mm, for instance at 16 mm. A negative effect of this strategy may be the release of 
immature oocytes, which tend to have a low fertilization rate (Wang 2006). However, follicles 
in the range of 14 to 16 mm do not consistently contain immature oocytes considering multiple 
pregnancies in superovulated cycles with one dominant follicle and more follicles of 14 to 
16 mm. Furthermore, it has been reported that almost 50% of the cycles which showed a 
premature LH elevation had dominant follicles that were 16. 5  mm or smaller (Cunha-Filho 
2003). Thus, inducing ovulation earlier does not seem to bypass the premature elevations in 
LH in a significant number of cycles and might result in lower pregnancy rates because of the 
immaturity of the oocytes. 
Finally, costs are nowadays an important issue. Allegra and co-workers stated that applying 
GnRH antagonists in combination with gonadotrophins was more costly but also more effec­
tive than the use of gonadotrophins alone (Allegra 2007). However, the effectiveness of GnRH 
antagonists could not be confirmed in our study and therefore we did not analyze the costs in 
more detail. 
In conclusion, both the results of our study and the pooled results of available RCTS show 
that adding a GnRH antagonist to a MOH/IUI programme does not significantly increase the 
probability of a live birth. Because the addition of a GnRH antagonist makes a standard IUI 
treatment unnecessarily complex, GnRH antagonists should not be applied in daily IUI practice. 
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General discussion and summary 
Although intrauterine insemination (IUI) combined with mild ovarian hyperstimulation (MOH) is 
often the first choice and probably the most applied insemination technique in fertility treat­
ment, certain factors such as the optimal insemination technique, the optimal ovarian stimula­
tion protocol, the number of inseminations per cycle, the optimal timing of insemination, the 
prevalence and influence of premature LH rises and the effect of preventing premature LH rises 
are still a matter of debate. 
This chapter provides an overview of the main results of the systematic reviews and random­
ized studies conducted for this thesis. Recommendations are done for performing IUI according 
to the available evidence and a proposal is done for possible future research. 
A summary of findings 
Which factors influence the treatment outcome of IU I ?  
Different techniques of insemination have been proposed in literature. In Chapter 2 we report 
the results of a systematic review comparing the technique of Fallopian Tube Sperm Perfusion 
(FSP), with standard IUI. FSP was developed to ensure the presence of higher numbers of sper­
matozoa in the fallopian tubes at the time of ovulation. It is based on pressure injection of 4 
ml of sperm suspension with an attempt to seal the cervix to prevent semen reflux. Standard 
IUI comprises the introduction of a catheter through the cervix into the uterine cavity with a 
small volume of 0.2- 1 ml prepared semen. Overall eleven randomized studies were included in 
the review and eight studies, which reported on 595 women, were included in a meta-analysis. 
The results in live birth rate and pregnancy rate per couple revealed no statistically significant 
difference between FSP and IUI [OR 1. 1 95% Cl 0. 56-2. 3] .  Based on the available evidence we 
concluded that the technique of utero-tubal flushing is not superior to IUI for couples with 
non-tubal subfertility. 
Ovarian hyperstimulation increases the number of available oocytes at the moment of IUI and 
independently improves the probability of conception in subfertile couples (Hughes 1997, Van 
Rumste 2008, Verhulst 2006). The major drawback of MOH is the risk of multiple pregnan­
cies and the possible occurrence of the ovarian hyperstimulation syndrome (OHSS). An optimal 
stimulation protocol should maximize the probability of conception and minimize the risk of a 
multiple pregnancy and OHSS. 
In Chapter 3 forty-three randomized controlled trials (RCTs), involving 3957 women, have been 
reviewed to answer the question which MOH-protocol is the most 'optimal' to combine with 
IUI. There were 11 comparisons in this review. Robust evidence is lacking but based on the 
available results MOH/IUI with gonadotrophins seem to be the most effective drug compared to 
anti-estrogens (expressed as pregnancy rate per couple), without effecting adverse outcomes 
(OR 1.8 95% Cl 1.2-2. 7). Although it is generally believed that gonadotrophins result in signifi­
cantly higher multiple pregnancy rates as compared to clomiphene citrate the available data in 
our study did not allow us to draw this conclusion. When gonadotrophins are used for ovarian 
hyperstimulation low dose protocols are advised since pregnancy rates do not significantly 
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differ between high and low dose regimens, whereas the chances to encounter negative effects 
from ovarian hyperstimulation such as multiple pregnancy and OHSS are limited with low dose 
gonadotrophins. Adding a GnRH agonist to gonadotrophins did not result in significantly higher 
pregnancy rates. Adding a GnRH antagonist to gonadotrophins resulted in a higher number of 
live births, however pregnancy rates were not significantly different. Finally, aromatase inhibi­
tors such letrozole have been compared with anti-estrogens and the results did not report a 
benefit of using letrozole compared to clomiphene citrate according to pregnancy rates (OR 1.2 
95% Cl 0.64 to 2 . 1  ), multiple pregnancy rates or miscarriage rates. None of the included studies 
reported the comparison of aromatase inhibitors versus gonadotrophins. 
A single well timed IUI is advised in most guidelines (NICE Guidelines 2004, NVOG 2010). In the 
first version of the systematic review "Single versus double IUI in stimulated cycles for subfer­
tile couples" published in 2003, single IUI resulted in the same pregnancy rates as compared 
to double IUI. At that time we concluded that large randomized controlled trials were lacking 
and more research was warranted since the available evidence was not very robust. In 2006 Liu 
and co-workers performed that large RCT including more than 1200 women comparing single 
with double IUI (Liu 2006). In the updated Cochrane review published in 2007 and described 
in Chapter 4 we included six studies involving 1785 women. The summary statistics revealed 
a statistically significant difference in favour of double insemination (OR 1.8, 95% Cl 1.4-2.4). 
The optimal synchronization of ovulation with IUI in subfertile couples undergoing natural and 
stimulated cycles is also a factor of paramount importance. Synchronization is executed by 
means of LH detection in urine or blood or, alternatively by applying hCG or a GnRH injection. 
This subject is discussed in Chapter 5. A systematic review was performed including ten studies 
comparing LH rises versus hCG injection; recombinant hCG versus urinary hCG; and hCG injec­
tion versus administration of a GnRH agonist. One study compared the optimal time interval 
from hCG injection to IUI. None of the available methods for synchronization seemed superior 
to another. However, the available evidence is scarce. 
The unawareness of spontaneous LH rises during MOH/IUI programs may result in insemina­
tions that are performed too late. But do these premature LH rises occur frequently? The pilot 
study described in Chapter 6 was part of an intervention study comparing anti-estrogens with 
gonadotrophins. The cohort of patients randomized for both arms of one of the participating 
centers was used for this pilot study including 66 subfertile couples of whom blood for LH deter­
mination was withdrawn on the day of hCG administration. In 36% of the 153 cycles LH rises 
(defined as LH > 10 IU/L) were detected. There was a non-significant trend demonstrating higher 
pregnancy rates in cycles without an LH rise (3.6% versus 9.2%). The results showed a non­
significant tendency for LH rises to occur more frequently in the group treated with rFSH (42%) 
as compared with the CC group (30%). Since the results of the intervention were presented 
for the studied cohort as well, this may lead to confusion in respect to the used definition for 
the study design (that is to say cohort study instead of intervention study). However, the main 
outcome and primary interest was LH rises in the selected cohort and therefore the outcomes 
of the intervention were an inferior purpose. Confusion might arise regarding the design of the 
study presented in this chapter. Being part of a larger multicenter randomized study one might 
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argue that the results published were collected in a randomized trial, making this part of the 
study an intervention study as well. On the other hand, the prospectively collected data were 
collected in all patients, irrespective of randomization. 
In Chapter 7 a multicenter cohort study is described which investigated the influence of prema­
ture LH rises and premature luteinization (defined as an LH rise combined with progesterone 
>3. 18 nmol/L) in subfertile women undergoing IUI with MOH. In 17% (69/408) of the cycles a 
premature LH rise was detected and in 6.6% (27 / 408) of the cycles premature luteinization. The 
pregnancy rate per cycle for the group with an LH rise was 8.7% (6/69). In the group without an 
LH rise the pregnancy rate was 15% (50/339) which was not statistically significantly different 
(P=0. 18, OR 0.54 95% Cl 0. 22-1. 3), probably because of insufficient sample size. Results in live 
birth rates for cycles with an LH rise was 7 .2% (5/69). In cycles without an LH rise the live 
birth rate was 12% (39/339). This result was again not statistically significant different (P=0. 30, 
OR 0.6 95% Cl 0. 22-1.6). Premature luteinization occurred in 27 cycles (6.6%). One live birth 
occurred in a cycle with premature luteinization (1 /27; 3. 7%). In cycles without premature 
luteinization live birth rate was 11. 3% (43/381 ). This result was not statistically significant 
different (P=0. 25, OR 0.3 95% Cl 0. 039-2. 3). It was concluded that premature LH rises and 
premature luteinization occur frequently, but do not seem to influence treatment outcome 
negatively. 
The hypothesis that suppression of premature LH rises with GnRH antagonists improves live 
birth rates in MOH/IUI cycles was investigated in Chapter 8. The rationale is that premature LH 
rises interfere with optimal timing of intrauterine insemination or even result in cycle cancel­
lation. A multicenter double blinded randomized controlled trial was performed including 233 
couples starting 572 cycles. When a dominant follicle of 14 mm or more was detected, a GnRH 
antagonist at a dose of 0. 25 mg/day or a placebo was added until hCG administration. In the 
GnRH antagonist group, premature LH rises occurred in total 16 times of the 203 cycles (8%). In 
the placebo group this occurred 53 times out of 205 cycles (26%). The prevalence of premature 
LH rises observed in this study is comparable with other studies and was significantly higher in 
cycles with placebo compared to GnRH antagonist cycles (P<0. 001 ). Premature luteinization 
was observed in 4.4% of the cycles in the GnRH antagonist group and in 8 .8% of the cycles in the 
placebo group, which was not statistically significant (P=0.099). Twenty-three live births were 
observed in the GnRH antagonist group (23/275: 8. 4%) and 36 in the placebo group (36/297: 
12%), resulting in a non-significant difference in live births per couple (P=0. 30, OR 0. 76 95% 
Cl 0. 44-1. 28). Three twin pregnancies occurred in the GnRH antagonist group and two twin 
pregnancies in the placebo group (MPR: 5/73: 6.8%). The results of this trial were combined in a 
meta-analysis with results of other adequately randomized controlled trials. The pooled effect 
expressed as pregnancy rates per couple revealed that the addition of a GnRH antagonist does 
not increase pregnancy rates significantly (OR 1.5 95% Cl 0.94-2.3). 
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Reflections on the results 
Our results demonstrate that MOH with daily gonadotrophins and double intrauterine insemi­
nations (IUI) improve the outcome of fertility treatment as compared with MOH with anti­
estrogens and single IUI (Chapter 3 and 4). More complex insemination techniques with utero­
tubal flushing (Chapter 1 ), or other protocols for ovarian hyperstimulation with e.g. aromatase 
inhibitors or GnRH agonists did not result in significantly higher pregnancy rates (Chapter 3). 
Furthermore, there is no evidence that one of the described timing methods for IUI is superior 
to another (Chapter 5). Premature LH rises occur frequently (Chapter 6) and GnRH antagonists 
do effectively prevent them (Chapter 7). However applying GnRH antagonists in a fixed protocol 
did not lead to higher live birth rates (Chapter 8). 
Thus, when MOH is indicated gonadotrophins should be used. Hughes and co-workers also 
concluded in their updated Cochrane review that anti-estrogens should not be recommended 
as a treatment for unexplained subfertility (Hughes 2010). A study that compared clomiphene 
citrate alone with expectant management for subfertile couples also revealed no significant 
effect of clomiphene citrate expressed in live birth rates per couple (Bhattacharya 2008). 
There may be a minimum acquired dose of gonadotrophins since a low number of pregnancies 
was reported when a low-dose regimen was given on alternating days (Hughes 1998, Ragni 
2001 ). Ecochard and co-workers stimulated with a higher dose of 150 IU gonadotrophins on 
day 4, 6, 8 and 9 of the cycle instead of daily injections resulting in low pregnancy rates with 
gonadotrophins as well (Ecochard 2000). Hughes and co-workers showed that results of stimu­
lation on alternating days were disappointingly low concluding that daily dosage of ovarian 
hyperstimulation may be necessary (Hughes 1998). Thus, based on the available evidence, 
gonadotrophins should be applied daily. 
Pregnancy rates with low dose step-up protocols starting with 50-75 IU/day do not seem to 
differ significantly from pregnancy rates with high dose regimens (> 75 IU per day) whereas the 
changes to encounter negative effects from ovarian stimulation, such as the risk of multiple 
pregnancy and the risk of OHSS seems to be higher with high dose protocols (Dhaliwal 2002, 
Sengoku 1999). Adequate monitoring and strict cancellation criteria may further contribute to 
prevent negative effects (Cohlen 2005). Since in cycles with 3-4 follicles the multiple pregnancy 
rate increases without substantial gain in overall pregnancy rate, we should strive ideally to 2 
dominant follicles (van Rumste 2008). 
We all agree that the number of multiple pregnancies should be kept to a minimum. Only then 
MOH/IUI seems to be more cost-effective as compared with IVF (Kansal-Kalra 2005). However, 
the question remains whether the multiple pregnancy rate has to be zero or that a rate between 
5-10% is acceptable? In our study we reported 6 .8% twin pregnancies and no high order preg­
nancies. It should be taken into account that subfertile couples do not experience a multiple 
pregnancy as a negative outcome per se (van Weert 2007). From the point of view that multiple 
pregnancies often lead to a complete family, costs of new and additional IVF treatments should 
be considered as well when comparing costs of MOH/IUI and IVF. 
1 69 
Although IVF with elective single embryo transfer (eSET) results in low multiple pregnancy 
rates of around 3%, the treatment is far more invasive, time consuming and aggravating, which 
should be taken into consideration from a patients point of view as well. Therefore, it is a good 
initiative that a randomized controlled study comparing IVF/eSET with MOH/IUI has been initi­
ated recently, including a patient preference analysis (Bensdorp 2009). Alternative treatments 
to reduce the multiple pregnancy rate after IUI have been proposed such as excess oocyte 
aspiration and vitrification, which is also a complex and invasive technique as compared with 
' standard' IUI (Stoop 2010) . It seems that primary prevention is more elegant than secondary 
prevention with these newer techniques. 
In addition ,  double insemination should be performed according to the available evidence. 
However, the observed positive effect of double IUI is largely due to the contribution of the 
study of Liu and co-workers with a weight of 66. 5%. They concluded that double insemina­
tion resulted in a significant benefit over single intrauterine insemination in the treatment of 
subfertile couples with husband semen. However, this effect was seen only in couples suffering 
from mild male subfertility with pregnancy rates as high as with IVF. Although with double 
insemination a higher total number of spermatozoa are inseminated, pregnancy rates were not 
related to sperm concentration in this study. Altogether, there is no good explanation why more 
pregnancies were seen in the male subfertility group and why the reported pregnancy rates 
were so exceptionally high (Liu 2006). 
The reviewed studies that demonstrated a significant effect of double insemination (Liu 2006, 
Ragni 1999, Silverberg 1 992) reported a mean of three dominant follicles larger than 15 mm 
as compared with a mean of 1. 7 dominant follicles in the studies that did not report a signifi­
cant difference between single and double insemination (Casadei 2006, Ng 2003, Ragni 1999, 
Zeyneloglu 2002 ) .  One can conclude that double insemination may be effective only when 
more dominant follicles are available, which rupture at different time intervals after adminis­
tering hCG. If advise is to be offered regarding clinical practice, further research is warranted. 
External validity is necessary to confirm the benefits of double insemination. 
As spermatozoa and oocytes survive for only a limited period of time, correct timing of the 
insemination is essential (Mitwally 2004) . Different interventions to synchronize ovulation with 
IUI and different time-intervals have been reviewed. None of the available methods is superior 
to another, however the available evidence is limited. The drop-out rate in the LH detection 
group was much higher as compared with the hCG group (due to no detection of an LH rise in 
23% of the cycles) .  However, there was no significant difference in live birth and pregnancy 
rates between both treatment groups in the study of Lewis and co-workers (Lewis 2006). Failure 
to detect LH rises due to a short LH rise, LH peak values below limit of detection or incorrect 
use of the intervention by the patient has been reported before. This failure results in inac­
curate timing and significantly lower pregnancy rates as reported in other studies (Arici 1992, 
Lewis 2006, Miller and Soules 1996). When counselling patients, the advantages and disadvan­
tages of home ovulation predictor tests (convenience and low costs versus high false-negative 
results) should be considered in relationship to the advantages and disadvantages of ultrasound 
detection combined with hCG injection (low false-negative results versus expensive and time 
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consuming) (Robinson 1 992). No data on the occurrence of premature LH rises in the hCG 
group have been reported in the pooled studies. Premature LH rises may negatively influence 
pregnancy rates in the hCG group. As a result no perceptible difference between timing with 
LH rise detection and hCG injection may have been found. A combination of LH rise and hCG 
administration may minimize these limitations (Fuh 1 997, Kosmas 2006). 
There is no evidence whether recombinant hCG, urinary hCG or GnRHa should be used to induce 
ovulation. Probably it may be more a discussion of purity and costs. It is questionable whether 
more evidence will reveal a significant benefit expressed in pregnancy rates using one of the 
above mentioned timing methods. 
Prospective evidence comparing different hCG to IUI intervals after ovarian stimulation is 
scarce and only reported as pregnancy rate per cycle. This evidence suggests a more flexible 
approach in timing IUI after hCG, which allows women to inject hCG in the early evening when 
pharmacies are still open, in case of problems (Claman 2004). Although a wider time interval 
may be acceptable, the study of Ragni and co-workers comparing single IUI with different time 
intervals for double IUI, revealed low pregnancy rates when the second IUI was 60 hours after 
hCG injection (Ragni 1 999). More evidence might lead to a more flexible approach, making it an 
interesting subject for future research. 
Insemination techniques consisting of uterotubal flushing did not result in higher pregnancy 
rates as compared with standard IUI. Possibly this is because the large volume of inseminate 
may induce abnormal myosalpingeal contractions resulting in expulsion of the ova from the 
tube with subsequent failure of fertilization (Nuojua-Huttunen 1997). However, it has been 
hypothesized that the larger volume of inseminate used with FSP may wash out tubal obstruc­
tions or some other factor that is deleterious to gamete transport (Fanchin 1995). This may 
be the same mechanism that accounts for higher pregnancy rates after hysterosalpingography 
(Trout 1 999). Since the cervix should be sealed to prevent semen reflux in FSP, the procedure 
is more complex compared with IUI. Familiarity with one procedure is possibly of more impor­
tance than the technique itself. 
The meta-analysis of available RCTs comparing gonadotrophins alone with gonadotrophins 
combined with a GnRH antagonist in IUI programs showed that adding a GnRH antagonist to 
gonadotrophins resulted in a statistically significant higher number of live births. However, 
the results were based on one small study (Gomez 2005) that found a significant difference in 
the number of dominant follicles at the moment of hCG injection between treatment groups 
(higher number of dominant follicles in the group treated with GnRH antagonists). A placebo 
was not used and therefore clinicians were not blinded in this study. This may have resulted 
in more aggressive stimulation when an antagonist was added, resulting in significantly more 
dominant follicles in the antagonist group, and thus more pregnancies. The pooled results of 
pregnancy rates per couple of the remaining included studies (Lambalk 2006, Gomez 2005, 
Ragni 2001)  comparing GnRH antagonists with a control group were not significantly different, 
which implies that the results are not robust. 
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The underlying idea of adding GnRH antagonists to a MOH/IUI program is that they may effec­
tively prevent premature LH rises which interfere with optimal timing. In cycles with premature 
LH rises ovulation may already have occurred resulting in cycle cancellation or inseminations 
are performed too late and may effect treatment outcome negatively (Lambalk 2006). Further­
more, it has been stated that premature luteinization is associated with a less favourable 
outcome because of poor oocyte quality and decreased fertilization and implantation rate 
(Allegra 2007). We concluded that premature LH rises occur frequently and can effectively be 
prevented with a GnRH antagonist. Furthermore we confirmed the idea that the occurrence 
of premature LH rises seem to lead to lower pregnancy rates compared to cycles without an 
LH rise. Definite answers could not be given after our cohort study due to a lack of power. 
We calculated that an additional trial would need 300 cycles in each group to reach sufficient 
power. In a second larger cohort, including 572 cycles, the incidence of premature LH rises was 
similar with the first cohort. This prospective data also demonstrated a trend that cycles with 
premature LH rises resulted in lower pregnancy rates. However, this result was also not statis­
tically significant, possibly due to an insufficient number of cycles as well. Since it is impos­
sible to predict premature LH rises by clinical parameters, such as ultrasound appearance and 
serum estradiol (Cunha-Filho 2003) we randomized couples at the start of an IUI treatment for 
ovarian stimulation with gonadotrophins combined with GnRH antagonists or a treatment with 
gonadotrophins combined with placebo. The hypothesis that suppression of these premature 
LH rises would improve live birth rates in IUI cycles could not be confirmed in this randomized 
placebo controlled trial, although there are certain limitations to this study such as that LH and 
progesterone levels were measured just prior to hCG injection only. 
After 3 years of recruitment, we calculated that another 3 years would be needed to reach 
the power to detect a significant difference with the rapidity of inclusion. We were not able to 
continue the inclusion of couples and decided to evaluate the available data. 
In addition, we performed an updated meta-analysis of available RCTs. We searched for trials 
using databases of Medline, Embase and the Cochrane Library and retrieved nine prospective 
studies (Allegra 2007, Crosignani 2007, Gomez 2005, Gomez 2008, Lambalk 2006, Lee 2008, 
Ragni 2001 , Scheiber 2003, Williams 2004) in which GnRH antagonists were compared with a 
control group in a MOH/IUI program. A total of 1 387 couples were included in this analysis. 
Pooling the results available on clinical pregnancy rates per couple with our study results 
showed a statistically non-significant difference between treatment groups which confirms our 
outcome (OR 1 . 5 95% Cl 0 .94 to 2. 3). To exclude possible bias ideally a placebo should be 
used. Of the trials included in our meta-analysis only Lambalk and co-workers used a placebo 
and found no significant effect of using GnRH antagonists. However, in this trial the primary 
outcome measure was the incidence of premature LH rises. When including the studies using a 
placebo only in the meta-analysis, no difference between treatment groups was detected (OR 
0.81 95% Cl 0. 51 to 1 . 3). In the light of the current results we calculated that a new trial will 
need to include more than 1 034 couples to reveal a significant effect in favour of using a GnRH 
antagonist. 
Gomez and co-workers found a positive effect of adding GnRH antagonists in cycles with multi­
follicular growth only (Gomez-Palomares 2008). They stated that by suppressing the endog-
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enous LH rise with a GnRH antagonist more follicles are able to develop to a reasonable size, 
which might improve fertility rates. However, our prospective data could not confirm their 
theory (Chapter 7). Other large prospective studies did not report the pregnancy rates per 
group for multifollicular cycles separately (Allegra 2007, Crosignani 2007, Lambalk 2006). 
Allegra and co-workers hypothesized that a GnRH antagonist should not be applied only 
according to the size of the dominant follicles but also based on estrogen serum levels resulting 
in an optimal use of the endogenous LH for better follicular development. Since our protocol 
did not include hormonal assessments before the administration of the antagonist, it was 
impossible to reject or agree with the stated hypothesis (Allegra 2007). Currently, there is no 
place for GnRH antagonists with MOH combined with IUI. 
Since adding a GnRH antagonist does not result in a higher efficacy, one may conclude that 
premature LH rises do not influence treatment outcome significantly. Or one may hypothesize 
that the benefits related to the prevention of LH rises are balanced by the not well-understood 
detrimental effects of GnRH antagonists (Crosignani 2007). An insufficient luteal phase has 
been postulated as one of these possible negative effects resulting in lower than expected 
pregnancy rates. It has been suggested that after multiple ovulation, which is the final goal of 
MOH, both estradiol and progesterone will be significantly higher. These high concentration of 
steroids result in a negative feedback on the pituitary hypothalamic axis, and thus inhibit the 
production of luteal LH , mandatory for luteal progesterone production, resulting in luteal insuf­
ficiency (Fauser and Devroey 2003, Macklon 2000, Erdem 2008). To date, there is no convincing 
evidence that MOH as applied in IUI programs influences the luteal phase negatively (Cohlen 
2009). From IVF cycles it is known that adding a GnRH antagonist may effect the level of luteal 
LH (Tavaniotou 2001 ). However, our data on GnRH antagonists in IUI cycles did not reveal that 
the luteal phase length was affected by the use of GnRH antagonist. 
Our prospective results showed that cycles with a premature LH rise seem to result in lower 
pregnancy rates. This result was not statistically significant most likely due to an insufficient 
sample size. To tackle this insufficient power a meta-analysis of studies can be performed. 
After pooling our data with the results of other prospective controlled studies (Allegra 2007, 
Lambalk 2006, Lee 2008, Cohlen 1998, Cantineau 2007, Martinez-Salazar 2008) a non-significant 
difference between cycles with and without a premature LH rise was detected (OR 1. 9 95% Cl 
0.81-4. 3). When performing a subgroup analysis of the studies that applied a GnRH antagonist 
statistical analysis did not reveal a significant higher pregnancy rate for cycles without an LH 
rise (OR 3. 1 95% Cl 0.65 to 15) (Allegra 2007, Lambalk 2006, Lee 2008) . Altogether, we conclude 
that it is unsure whether premature LH rises play a significant role in the treatment of subf er­
tile couples with IUI .  Although this role of premature LH rises is unsure, various other strategies 
for dealing with them have been proposed. One strategy is to determine LH levels daily or even 
twice a day and inseminate within 24 hours once an LH rise is detected (Cohlen 1998, Martinez 
1991 ). Disadvantage of this method is high false negative results of urinary LH testing, high 
costs and burden for the patients when LH determinations are performed in blood (Miller and 
Soules 1996). Another idea is to induce ovulation before the dominant follicle reaches a mean 
diameter of 18 mm, for instance at 16 mm. A negative effect of this strategy seems the release 
of immature oocytes, which tend to have a lower fertilization rate (Wang 2006). Furthermore, 
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it has been reported that almost 50% of the cycles which showed a premature LH rise had domi­
nant follicles that were 16.5 mm or smaller (Cunha-Filho 2003). Thus, when inducing ovulation 
earlier it seems that it does not bypass premature LH rises in a significant number of cycles. 
In summary, certain factors , discussed in this thesis such as the optimal ovarian stimulation 
drug , the number of inseminations per cycle, the insemination technique , the prevalence and 
influence of premature LH rises and the effect of preventing premature LH rises with an GnRH 
antagonist have been clarified. Other factors such as the optimal dosage of ovarian stimula­
tion drugs , the optimal timing of insemination after ovulation and the effect of preventing 
premature LH rises remains a matter of debate. There are believers and non-believers but the 
available evidence should persuade the non-believers that MOH/IUI deserves a place in the 
armamentarium of fertility treatment since it is simple , cost-effective and non-aggravating 
compared to IVF / ICSI. 
How should artificial inseminations be performed? 
Based on the currently available evidence we advise to perform a single IUI combined with 
gonadotrophins in a low-dose step-up protocol with a starting dose of 75 IU. Timing of IUI can 
be performed with LH rise detection kits or ultrasound detection combined with hCG. 
Premature LH rises occur frequently but do not seem to influence treatment outcome nega­
tively. An adequate method for preventing premature LH rises should be found in other strat­
egies than adding a GnRH antagonist to gonadotrophins in an MOH/IUI program. Since the 
addition of GnRH antagonists to MOH does not lead to significant more live births, it does not 
deserve a place in daily practice. 
Other factors should be taken in to account such as the number of offered cycles (Custers 2008), 
bed rest after insemination (Custers 2009) and type of insemination catheter (vd Peel 2010); 
however , these factors fall outside the scope of this thesis. Several randomized controlled 
trials have been published on these subjects but systematic reviews are necessary to judge the 
quality of these trials systematically instead of quoting certain trials randomly. Some of these 
factors are the subject of systematic reviews currently underway. 
IUI is non-invasive and cost-effective as long as the number of multiples is kept to a minimum. 
In short , IUI keeps it simple. 
Future perspectives 
In The Netherlands IUI is performed in over 28.000 cycles each year (Steures 2007). Studies have 
demonstrated that MOH/IUI is cost-effective when multiple pregnancies are kept to a minimum 
(Kansal-Kalra 2005). Using a model to predict the outcome of MOH/IUI to distinguish couples 
with a good prognosis from couples with a poor prognosis IUI treatment wil l  become even more 
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effective {Steures 2004). When MOH/IUI remains the treatment of first choice for subfertile 
couples with a poor prognosis several important treatment modalities should be defined in 
multicenter randomized controlled trials, with adequate concealment of allocation .  
Different low-dose gonadotrophins stimulation protocols for IU I  {for instance 50  vs. 75  IU 
FSH/day) in a well-defined subfertile population using strict cancellation criteria should be 
compared to define the optimal low-dose step-up stimulation protocol. In this manner subfer­
tile couples can be offered a save, effective and non-aggravating treatment, with a low risk on 
multiple pregnancies. 
Single IUI should be compared with double IUI in couples with a male factor only and with 
stratification for mono- and multifollicular cycles. At the moment that the dominant follicle{s) 
reaches a size of 18 mm or more, couples should be randomized. 
Different time intervals after induction of ovulation with hCG or detection of an LH rise in urine 
or blood should be compared, including costs as an outcome. A study comparing single IUI 12 
hours after hCG with a single IUI 36 hours after hCG is proposed. 
IUI 12-24 hours after a detected LH rise should be compared with IUI 36-48 hours after a 
detected LH rise to take premature LH rises into account and thus answer the question whether 
adjustment of IUI to the occurrence of an LH rise results in higher pregnancy rates. 
Finally, a model to predict the probability of multiple pregnancy after MOH/IUI treatment 
should be constructed to keep the contribution of multiple pregnancies to a minimum. 
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lntra-uteriene inseminatie (IUI) in combinatie met milde ovariele hyperstimulatie (MOH) is 
waarschijnlijk de meest toegepaste fertiliteitsbevorderende behandeling en vaak de eerste 
keus bij onverklaarde en mannelijke subfertiliteit. Continu wordt gezocht naar factoren die de 
effectiviteit van de behandeling kunnen vergroten, waarbij negatieve effecten als meerlingen 
beperkt moeten blijven. Het gaat dan om factoren zoals de optimale inseminatietechniek, het 
optimale stimulatieprotocol, het aantal inseminaties per cyclus, de optimale timing van IUI ,  
de invloed van premature LH pieken en het effect van het voorkomen van deze premature LH 
pieken. 
In hoofdstuk 2 beschrijven we de resultaten van een systematische Cochrane review, die 2 
inseminatietechnieken vergelijkt, te weten; Fallopian tube sperm perfusion (FSP) en de stan­
daard IUI behandeling. Bij standaard IUI wordt bewerkt semen in een volume van 0.2-1 ml door 
middel van een katheter via de cervix in de uterus gebracht. Bij FSP wordt de cervix afgesloten 
en een groter volume (4 ml) bewerkt semen ge'insemineerd om een hogere concentratie sper­
matozoa in de tubae te bewerkstelligen ten tijde van de ovulatie. In totaal werden elf studies 
in de review ge'includeerd waarvan acht studies (595 paren) tevens in de meta-analyses. De 
resultaten uitgedrukt in levendgeborenen en zwangerschappen per paar lieten geen significant 
verschil zien tussen FSP en IUI [OR 1 .1 95% Cl 0.56-2.3]. Gebaseerd op de beschikbare literatuur 
concluderen wij dat FSP niet superieur is ten opzichte van IUI bij subfertiele paren. 
Ovariele hyperstimulatie verhoogt het aantal beschikbare eicellen op het moment van de IUI 
en is een onafhankelijke factor voor het optreden van een zwangerschap bij subfertiele paren 
(Hughes 1997, Van Rumste 2008, Verhulst 2010). Het grootste nadeel van ovariele hyperstimu­
latie is het risico op meerlingen en het optreden van het ovarieel hyperstimulatie syndroom 
(OHSS). Een optimaal stimulatie protocol moet ideaal gezien de kans op zwangerschap verhogen 
en het risico op meerlingen en OHSS beperkt houden. 
In hoofdstuk 3 zijn 43 gerandomiseerde gecontroleerde studies (RCTs) (3957 paren) geanaly­
seerd om de vraag te beantwoorden welk ovarieel hyperstimulatie protocol het meest effectief 
is in combinatie met IUI . Er werden elf verschillende protocollen vergeleken in deze system­
atische Cochrane review. Overtuigend bewijs ontbreekt, maar gebaseerd op de beschikbare 
resultaten concluderen wij dat gonadotrofines de kans op zwangerschap significant verhogen 
vergeleken met anti-estrogenen, zonder toename van het aantal meerlingen of de incidentie 
van OHSS [OR 1 . 8 95% Cl 1. 2-2 .7] .  
Wanneer gonadotrofines worden gebruikt voor ovariele hyperstimulatie wordt een begindo­
sering van 75 internationale units (IU) geadviseerd aangezien de kans op zwangerschap niet 
significant groter wordt bij een begindosering van 150 IU, terwijl de kans op negatieve effecten 
zoals meerlingen en OHSS groter zijn bij een hoge begindosering. 
Gonadotrofines alleen lieten een significant hoger zwangerschapspercentage zien vergeleken 
met een groep waar een Gonadotrophin Releasing hormone (GnRH) agonist was toegevoegd aan 
Nederlandse samenvatting 
gonadotrofines (OR 1.8 95% Cl 1. 1 to 3.0). Het toevoegen van een GnRH antagonist aan gonado­
trofines resulteerde in een significant hoger aantal levendgeborenen (OR 3.0 95% Cl 1. 1-8 .6),  
echter dit is gebaseerd op 1 studie (80 paren). Wanneer de effectiviteit van GnRH antagonisten 
wordt uitgedrukt n zwangerschappen wordt geen significant verschil gevonden ten opzichte van 
de groep waar geen GnRH antagonist wordt toegevoegd (OR 1 . 5  95% Cl 0.8-2.8). Tot slot werd 
oak de effectiviteit van aromatase remmers zoals letrozole vergeleken met anti-estrogenen. 
De resultaten lieten geen verschil in zwangerschapscijfers zien (OR 1 . 2 95% Cl 0.64 to 2. 1 ). 
Geen enkele studie vergeleek aromatase remmers met gonadotrofines. 
In de meeste richtlijnen (NICE Guidelines 2004, NVOG 2010) wordt een goed getimede IUI per 
cyclus geadviseerd. In de eerste versie van de systematische Cochrane Review "Single versus 
double IUI in stimulated cycles for subfertile couples" gepubliceerd in 2003, concludeerden wij 
dat een keer IUI per cyclus hetzelfde zwangerschapspercentage liet zien vergeleken met twee 
keer IUI per cyclus. Destijds rapporteerden we dat het beschikbare bewijs niet overtuigend 
was omdat grote RCTs ontbraken en er dus meer onderzoek nodig was. In 2006 voerden Liu 
en medewerkers een grote RCT uit, met meer dan 1200 ge'includeerde paren (Liu 2006). In de 
nieuwste versie van de Cochrane review gepubliceerd in 2007 en beschreven in hoofdstuk 4 
werden 6 studies ( 1785 paren) ge'includeerd. De analyses lieten een significant verschil in het 
voordeel van tweemaal insemineren in dezelfde cyclus zien (OR 1 . 8 95% Cl 1 .4-2.4). Het effect 
van dubbel insemineren werd alleen bij paren met een milde mannelijke factor en multi­
folliculaire cycli gezien. Extern valideren van de onderzoeksgegevens van Liu en medewerkers 
is nodig om dubbel insemineren te adviseren in een richtlijn. 
De synchronisatie tussen ovulatie en IUI in gestimuleerde cycli maar ook in natuurlijke cycli leek 
tevens een bepalende factor ten aanzien van de uitkomst van de behandeling. Synchronisatie 
vindt plaats door middel van LH bepalingen in urine of bloed of door het geven van een hCG of 
GnRH injectie. In hoofdstuk 5 wordt een systematische Cochrane review beschreven, waarin 
1 0  studies zijn ge'includeerd, die een van de volgende manieren van synchronisatie vergeli­
jken; bepalen van de LH piek versus hCG injectie; recombinant hCG injectie versus urinair 
hCG injectie; hCG injectie versus GnRH agonist injectie. Een studie vergeleek het optimale 
tijdsinterval tussen hCG injectie en IUI. Geen van de beschikbare synchronisatie methoden lijkt 
superieur. Echter, het beschikbare bewijs is mager. 
De uitgebreide zoektocht in de literatuur liet zien welke factoren de effectiviteit van IUI 
mogelijk be'invloeden en naar welke factoren nog adequaat onderzoek verricht zou moeten 
worden. Omdat premature LH pieken de timing negatief lijken te be'invloeden onderzochten 
wij door middel van een pilot studie vooreerst wanneer en hoe vaak premature LH pieken 
tijdens MOH/ IUI programma's optreden om vervolgens een gerandomiseerd onderzoek op te 
zetten. 
De prospectieve cohort studie beschreven in hoofdstuk 6 omvatte 66 subfertiele paren waarbij 
bloed voor LH bepaling is afgenomen op de dag van hCG toediening. In 36% van de 153 cycli 
werd een LH piek (LH > 1 0  IU/L) gemeten. Er was een niet significante trend waarbij meer 




ovariele hyperstimulatie met gonadotrofines werd bewerkstelligd werden meer LH pieken 
gezien ten opzichte van cycli waarbij gestimuleerd was met anti-estrogenen. Deze trend was 
tevens niet significant (42% versus 30%). 
Naar aanleiding van bovenstaande pilot studie werd een groat gerandomiseerd dubbelblind en 
placebo gecontroleerd onderzoek opgezet. In het prospectieve cohort werd opnieuw onder­
zocht wat de prevalentie van spontane LH pieken tijdens MOH/ IUI programma's was. 
In hoofdstuk 7 wordt dit prospectieve cohort onderzoek beschreven waarin de prevalentie van 
premature LH pieken en premature lute"inisatie werd onderzocht bij subfertiele paren die een 
IUI behandeling met milde ovariele hyperstimulatie ondergingen. Premature lute"inisatie wordt 
gedefinieerd als een progesteronwaarde >3. 18 nmol/L in combinatie met een LH waarde > 10 
IU/L. Tevens werd onderzocht wat de invloed van premature LH pieken op het aantal levend­
geborenen is. 
In totaal werd in 408 cycli LH gemeten. Het percentage levendgeborenen was niet significant 
hoger in cycli zonder premature LH piek (12% versus 7%) (P0.30). Wij concludeerden dat prema­
ture LH pieken frequent optreden, maar de uitkomst van de behandeling niet negatief lijken 
te be'invloeden. 
De hypothese dat het onderdrukken van premature LH pieken met een GnRH antagonist in 
gestimuleerde cycli in combinatie met IUI het percentage levendgeborenen verhoogt, werd 
onderzocht in hoofdstuk 8. Het doel van deze studie was de spontane LH pieken te onder­
drukken door een GnRH antagonist toe te voegen aan het MOH/IUI protocol en daarmee het 
aantal zwangerschappen te laten toenemen. De achterliggende gedachte daarbij is dat in cycli 
met een spontane LH piek IUI mogelijk te laat uitgevoerd wordt. Een gerandomiseerd placebo 
gecontroleerde dubbelblinde studie (RCT) werd verricht waarin 239 paren werden ge"inclu­
deerd, die in totaal 572 cycli startten. Op het moment dat er een dominante follikel grater of 
gelijk aan 14 mm gedetecteerd was, werd de GnRH antagonist toegediend voor gemiddeld 3 
dagen. In 26% van de placebo cycli werd een premature LH piek gedetecteerd in vergelijking 
met 8% in de GnRH antagonist cycli (P<0. 001 ). Premature lute'inisatie werd in 4. 4% van de cycli 
in the GnRH antagonist groep en in 8 .8% van de cycli in de placebo groep gedetecteerd wat 
niet significant verschillend was (P0.099). Het toevoegen van een GnRH antagonist voorkomt 
het optreden van premature LH pieken. Het percentage levendgeborenen was niet significant 
verschillend tussen de groep behandeld met een GnRH antagonist (23/275: 8. 4%) vergeleken 
met de placebo groep (36/297: 12%) (P0.30, OR 0.76 95% Cl 0. 44-1. 28). Orie tweelingen traden 
op in de GnRH antagonisten groep en twee tweelingen in de placebo groep (5/73: 6.8%). Door 
deze resultaten te combineren met de resultaten van andere adequaat uitgevoerde studies, die 
dezelfde vergelijking maakten, bleek dat het toedienen van een GnRH antagonist niet leidt tot 
significant meer zwangerschappen (OR 1. 4 95% Cl 0. 91-2.3). Aangezien het toevoegen van een 
GnRH antagonist de kosten van een IUI behandeling doet stijgen en bovendien onnodig complex 
maakt, adviseren we op basis van deze studie geen GnRH antagonisten te gebruiken tijdens een 
IUI behandeling. 
Nederlandse samenvatting 
Hoe moeten we JUI uitvoeren? 
Gebaseerd op de huidige onderzoeken is ans advies om per cyclus eenmaal intra-uterien te 
insemineren. Het advies is om IUI te combineren met gonadotrofines in een 'low dose step up' 
protocol met een begindosering van 75 IU voor subfertiele paren met onverklaarde of milde 
mannelijke subfertiliteit. Synchronisatie van de ovulatie met IUI kan warden verricht met LH 
detectie of echografie in combinatie met hCG. 
Premature LH pieken treden frequent op en lijken de behandelingsuitkomst niet negatief te 
bei"nvloeden. Aangezien het standaard toevoegen van GnRH antagonisten aan milde ovariele 
hyperstimulatie niet leidt tot significant meer levendgeborenen, verdient dit geen plaats in de 
dagelijkse praktijk. 
Men zal tevens rekening moeten houden met andere factoren die invloed kunnen hebben op 
de uitkomst zoals het aantal aangeboden cycli (Custers 2008), bedrust na IUI (Custers 2009) en 
type inseminatie catheter (vd Poel 2006); echter deze factoren vallen buiten dit proefschrift. 
Meerdere RCTs hebben deze factoren onderzocht, maar systematische reviews zijn nodig om de 
kwaliteit van de trials systematisch te beoordelen. 
Toekomstperspectieven 
In Nederland wordt IUI elk jaar in meer dan 28.000 cycli verricht (Steures 2007). Studies hebben 
aangetoond dat MOH/IUI kosten-effectief is wanneer het aantal meerlingen beperkt blijft 
(Kansal-Kalra 2005). Wanneer een model wordt gebruikt om de uitkomst van MOH/IUI cycli te 
voorspellen, waarbij paren met een goede prognose warden onderscheiden van paren met een 
slechte prognose, zal een IUI behandeling nag effectiever warden (Steures 2004). Als MOH/IUI 
de behandeling van eerste keus blijft voor subfertiele paren met een matig tot slechte prognose 
ten aanzien het optreden van een spontane zwangerschap verdienen enkele belangrijke onder­
zoeksvragen de aandacht. Deze werden in de algemene discussie in hoofdstuk 8 besproken. 
De kracht van IUI is dat het een weinig invasieve fertiliteitsbehandeling is, die kosteneffectief 
is zolang het aantal meerlingen beperkt blijft. Kortom, IUI houdt het simpel. 
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Dit proefschrift was er niet geweest zonder de medewerking van vele mensen. Nu de bevin­
dingen van de afgelopen jaren zijn beschreven, wil ik graag eerst mijn dank betuigen aan 
de patienten met vruchtbaarheidsproblemen. Zij hebben hun bijdrage willen leveren aan dit 
geheel. Het is goed om te merken hoe betrokken deze groep patienten is bij de behandeling 
en dan ook weloverwogen kozen voor deelname aan wetenschappelijk onderzoek in de hoop op 
het zo gewenste kind. 
Daarnaast wil ik een aantal mensen in het bijzonder bedanken: 
Prof. dr. MJ Heineman, hoofd van de afdeling Obstetrie en Gynaecologie van het AMC en mijn 
promotor. Beste Maas Jan, tijdens mijn coschappen in het UMCG troffen wij elkaar bij toeval 
op de polikliniek. Ons eerste gesprek ging over evidence based medicine en al snel lag er een 
concreet plan om naar Auckland te gaan en een Cochrane Review te schrijven. Jij bracht me 
in contact met Ben Cohlen en na een klein jaar lag de eerste publicatie er. Jouw vertrouwen 
in mij was groot en in de gesprekken die we hadden wist jij het gevoel te geven dat we al snel 
'the point of no return' hadden bereikt. Een van jouw kernkwaliteiten is diplomatie met als 
uitdaging directheid. Van dat laatste heb ik soms iets te veel. Toen je naar Amsterdam vertrok 
was ik blij dat je mijn promotor wilde blijven. 
Dr. BJ Cohlen, gynaecoloog Voortplantingsgeneeskunde in de lsala Klinieken en mijn co-promotor. 
Beste Ben, ik ben er trots op je eerste promovenda te mogen zijn. lk dank je voor hoe jij me 
als co-promotor hebt geleerd wetenschappelijke artikelen te lezen en te schrijven, kritisch te 
zijn maar ook politiek te bedrijven. De studie die we hebben opgezet was ambitieus en dat 
kenmerkt jou. Het is continu een uitdaging om het beste te willen. Door de vele congressen die 
we bezochten, hebben we elkaar goed leren kennen. lk ben blij met de vriendschap die in de 
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